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Abstract: Estradiol (E2), a follicle-stimulating hormone (FSH), AMH, and inhibin B levels, along
with AFC and MOV, are used to determine ovarian reserve in pre-menopausal women. Studies
have shown that AMH levels are more sensitive than those of E2, FSH, and inhibin B and that AFC
and MOV can be used to evaluate ovarian reserve. AMH, AFC, and MOV measurements were
performed before and after adjuvant SC in 3-month periods for one year. Patients were classified as
experiencing chemotherapy-induced amenorrhea (CIA) if they did not have menstrual cycles for a
period of six months or longer following the conclusion of their chemotherapy treatment. We aimed
to evaluate the factors affecting chemotherapy-induced amenorrhea in breast cancer patients treated
with adjuvant chemotherapy and the performance of baseline measurements of AMH, AFC, and
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MOV to predict chemotherapy-induced amenorrhea. The effects of different chemotherapy regimens
on the AMH level, AFC, and MOV in CIA patients were investigated. Seventy-one patients were
eligible for this study, and the median age was 38 years (range: 23–45). The median follow-up was
37 months (range: 20–51), and CIA developed in 62% of the patients. The AMH level and AFC were
significantly decreased one year after SC (p < 0.0001), whereas MOV was not (p = 0.507). AMH levels
before chemotherapy (median: 1.520 vs. 0.755, p = 0.001) and at the end of the first year (median:
0.073 vs. 0.010, p = 0.030) and pre-treatment AFC (median: 12 vs. 4.50, p = 0.026) were lower in
patients with CIA compared to those without CIA. The AMH levels before SC were the most valuable
and earliest factor for predicting CIA development. In addition, there was no difference between the
chemotherapy regimens (including or not including taxane) in terms of CIA development.

Keywords: anti-mullerian hormone; antral follicle counts; breast cancer; chemotherapy-induced
amenorrhea; median ovarian volumes; ovarian reserve

1. Introduction

Cancer significantly contributes to the global disease burden and stands as the second
most common cause of mortality in the United States [1]. Breast cancer surpassed lung
cancer as the most common cancer with 2.3 million new cases worldwide [2–4]. The breast
cancer incidence in women under 40 is 7–8%, and in women of reproductive age (under
45 years old), it is 11% [5]. The rate of breast cancer patients in Turkey is much higher
in younger populations than it is in Western countries [5]. In a study we conducted with
20,000 breast cancer patients in Turkey, 17.2% were younger than 40, and 37.2% were
pre-menopausal [6]. Ovarian function is affected to different extents in patients receiving
adjuvant chemotherapy for breast cancer, depending on the type of treatment and age of
the patient [7–9]. The loss of primordial follicles, reduced ovarian reserve, and ovarian
atrophy are observed depending on the treatment [9].

Estradiol (E2), a follicle-stimulating hormone (FSH), AMH, inhibin B levels, antral
follicle counts (AFCs), and median ovarian volumes (MOVs) are used to determine the
ovarian reserve in pre-menopausal women [10]. In clinical practice, blood tests are fre-
quently used due to their speed, simplicity, and affordability [11,12]. Studies have shown
that AMH levels are more sensitive than those of E2, FSH, and inhibin B and that AFC and
MOV can be used to evaluate ovarian reserve [13,14].

AMH levels decrease significantly with chemotherapy, according to pre-clinical and
retrospective studies [15,16]. Loss of ovarian function in patients receiving chemotherapy
is manifested by the discontinuation of menstrual cycles (chemotherapy-induced amen-
orrhea, CIA) [17]. There are studies that show that different chemotherapy regimens
produce amenorrhea at different rates [18]. Cyclophosphamide is the most commonly
used and most highly associated with the CIA of the chemotherapy agents in breast cancer
adjuvant treatment [7]. Today, docetaxel/cyclophosphamide (TC), less frequently, adri-
amycin/cyclophosphamide (AC), and combinations are used as adjuvant chemotherapy
treatment regimens [19]. It is not entirely clear how much of the incidence of CIA is due
to taxane group drugs, which have been widely added to adjuvant chemotherapy in the
last two decades [20]. Predicting the effects of both regimens on ovarian reserve may
affect treatment choice. However, in some of the patients with CIA, their menstrual cycles
return [18]. Currently, with the early diagnosis and modern treatment methods, a longer
and healthier life for breast cancer patients preserves their fertility, which is especially
important in women who have not given birth and/or desire to give birth [20]. For this
purpose, methods such as the freezing of eggs and heterotopic transplantation of partial
ovary tissue are the most preferred methods [21].

We aimed to evaluate the factors affecting chemotherapy-induced amenorrhea in
breast cancer patients treated with adjuvant chemotherapy and the performance of baseline
measurements of AMH, AFC, and MOV to predict chemotherapy-induced amenorrhea.
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2. Patients and Methods
2.1. Study Design

The role of AMH, AFC, and MOV measurements in predicting ovarian reserve was
investigated in this prospective clinical study (Figure 1). After obtaining the ethics com-
mittee’s approval and ensuring patients decided to undergo adjuvant chemotherapy in
the tumor board, informed consent forms were obtained for participation in this study.
Serum AMH levels, AFCs, and MOVs of 71 pre-menopausal breast cancer patients were
measured before and at 3-month intervals for 1 year after chemotherapy. On the other
hand, AFC, AMH, and MOV values measured at the 3-month intervals (second, third, and
fourth measurements) were not analyzed because the preliminary results of 31 patients
revealed that there were only statistically significant differences between the first and fifth
measurements [22]. There were also missing values in the interval measurements.

Curr. Oncol. 2023, 30, FOR PEER REVIEW  3 
 

 

is due to taxane group drugs, which have been widely added to adjuvant chemotherapy 
in the last two decades [20]. Predicting the effects of both regimens on ovarian reserve 
may affect treatment choice. However, in some of the patients with CIA, their menstrual 
cycles return [18]. Currently, with the early diagnosis and modern treatment methods, a 
longer and healthier life for breast cancer patients preserves their fertility, which is espe-
cially important in women who have not given birth and/or desire to give birth [20]. For 
this purpose, methods such as the freezing of eggs and heterotopic transplantation of 
partial ovary tissue are the most preferred methods [21]. 

We aimed to evaluate the factors affecting chemotherapy-induced amenorrhea in 
breast cancer patients treated with adjuvant chemotherapy and the performance of base-
line measurements of AMH, AFC, and MOV to predict chemotherapy-induced amenor-
rhea. 

2. Patients and Methods 
2.1. Study Design 

The role of AMH, AFC, and MOV measurements in predicting ovarian reserve was 
investigated in this prospective clinical study (Figure 1). After obtaining the ethics com-
mittee’s approval and ensuring patients decided to undergo adjuvant chemotherapy in 
the tumor board, informed consent forms were obtained for participation in this study. 
Serum AMH levels, AFCs, and MOVs of 71 pre-menopausal breast cancer patients were 
measured before and at 3-month intervals for 1 year after chemotherapy. On the other 
hand, AFC, AMH, and MOV values measured at the 3-month intervals (second, third, 
and fourth measurements) were not analyzed because the preliminary results of 31 pa-
tients revealed that there were only statistically significant differences between the first 
and fifth measurements [22]. There were also missing values in the interval measure-
ments. 

 
Figure 1. Flow diagram of patients identified and included in the final analysis. Figure 1. Flow diagram of patients identified and included in the final analysis.

2.2. Patients

The inclusion criteria were as follows:

- Pathologically diagnosed stage I–III breast cancer with complete medical records
of menses;

- Perimenopausal status (regular menses at least for one year);
- Undergoing adjuvant chemotherapy based on tumor board’s decision.

The exclusion criteria were as follows:

- Age > 45 years;
- History of other cancer(s);
- Previously underwent chemotherapy;
- Underwent oophorectomy;
- Have a disease causing metabolically abnormalities (renal, hepatic, or cardiac disor-

ders or metabolic disease);
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- Individuals who wish or plan to conceive during the post-chemotherapy follow-
up period.

Estrogen receptor (ER), progesterone receptor (PR), and human epithelial growth
factor receptor 2 (Her-2) levels, histopathology, TNM stage, surgical intervention, and
demographic and reproductive characteristics of patients (age, birth-curettage, age at first
menstruation, breast-feeding, body mass index (BMI)) were recorded.

2.3. Treatment Strategy

The adjuvant chemotherapy was determined by the tumor council; these included
docetaxel + cyclophosphamide (TC), adriamycin + cyclophosphamide (AC), or adriamycin
+ cyclophosphamide (AC) + taxane (T) ± trastuzumab, endocrine treatment (tamoxifen)
± radiotherapy. TC regimen consisted of docetaxel 75 mg/m2 and cyclophosphamide
600 mg/m2 every 3 weeks for four cycles. And, the AC regimen consisted of doxorubicin
60 mg/m2 and cyclophosphamide 600 mg/m2 every 3 weeks for four cycles.

The AC + T regimen comprised an initial AC phase, followed by one of two options:

1. Weekly paclitaxel (80 mg/m2) was administered for 12 weeks, potentially accompa-
nied by trastuzumab, with the following schedule:

• Initial loading dose: 4 mg/kg; subsequent doses: 2 mg/kg, weekly for 12 weeks,
concurrent with paclitaxel.

• Maintenance phase: a single dose of 6 mg/kg trastuzumab every 3 weeks to complete
a full year of trastuzumab therapy.

2. Docetaxel (75 mg/m2) was administered every 3 weeks over four cycles, potentially
accompanied by trastuzumab, with the following schedule:

• Initial loading dose: 8 mg/kg; subsequent doses: 6 mg/kg, every 3 weeks, concurrent
with docetaxel.

• Maintenance phase: a single dose of 6 mg/kg trastuzumab every 3 weeks to complete
a full year of trastuzumab therapy.

After local and adjuvant treatment (including radiotherapy if needed), patients visited
the outpatient clinic every 3 months for the first 3 years of follow-up [23]. CIA was defined
as the cessation of menstruation for >6 consecutive months. Resumption of menstruation
was defined as regular cyclic bleeding after CIA for >3 months without pathologic etiol-
ogy [23]. Factors that affect the development of CIA and the resumption of the menstrual
cycle were determined. Patients were examined continuously every 3 months during
the follow-up period. Luteinizing hormone-releasing hormone (LHRH) agonist use was
started in patients who had resumed their menstrual cycle and also in patients who had not
developed CIA at the 6-month follow-up after the end of treatment. For LHRH agonist ther-
apy in our study, patients were administered either subcutaneous goserelin (3.6 mg every
28 days) or leuprolide (3.75 mg every 28 days), with the specific dosing and administration
frequency determined by our clinical team.

2.4. Laboratory Analysis

AMH levels were measured using enzyme-linked immunosorbent assay (ELISA,
Helsinki, Finland) using the kit from USCN Life Science, Inc (Buckingham, UK). AFC and
MOV measurements were performed by experienced obstetrics, gynecology, and infertility
specialists and radiologists using transvaginal ultrasonography (EV9-4 probe, Siemens
Acuson S2000, Erlangen, Germany). Ovarian volume data were calculated as the mean and
AFC data as the sum for both ovaries. Mean ovarian volume (MOV) was calculated with
the use of this formula: (A × B × C × 0.52). AFC was determined as the number of follicles
that were 2–10 mm in diameter for both ovaries. AFC, AMH, and MOV values measured at
the 3-month intervals (second, third, and fourth measurements) were not analyzed because
the preliminary results of 31 patients revealed that there were only statistically significant
differences between the first and fifth measurements [22]. On the other hand, there were
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missing values in the interval measurements. All AMH serum samples were collected,
frozen, and run in a single batch to mitigate batch-to-batch assay variability.

2.5. Statistical Analysis

The median age, follow-up duration, and minimum–maximum interval of the patients
were determined. The mean values and standard deviation for the nominal values were
calculated. The differences between the analyzed groups (CIA, resumption of menses, AC
vs. TC, chemotherapy with or without taxanes, age of >35 vs. 35 years) were investigated
using the chi-squared test. Based on CIA development, the measured AMH, AFC, and
MOV values were statistically analyzed using the Mann–Whitney U test. As the values
measured at the end and beginning of the first year of treatment were complete, the 2nd,
3rd, and 4th measurements at the 3-month intervals were excluded from the evaluation.
To determine the most effective independent predictor, the factors were evaluated by
univariate and multivariate logistic regression analysis. The comparisons were made at
two distinct time points referred to as “1st” and “5th” using the Mann–Whitney U test.
The median values along with the ranges have been provided to delineate the spread of
the data in each group. Receiver operating characteristics (ROC) analysis was used to
determine the AMH and AFC cut-off levels for predicting CIA. To establish the optimal
cut-off points, we aimed to achieve the best balance between sensitivity and specificity
for our classifier. The ideal cut-off was determined using Youden’s J index, a criterion
that maximizes the combined performance of sensitivity and specificity [24]. p < 0.05 was
considered statistically significant. All statistical analyses were performed using the SPSS
22.0 software suite (IBM Inc., Chicago, IL, USA).

3. Results

The median age of the remaining 71 patients was 38 (range: 23–45), and the mean
follow-up period was 37 months (range: 20–51). The clinicopathological characteristics of
all patients are shown in Table 1.

Among the patients aged above 35 years, a notably higher proportion experienced
chemotherapy-induced amenorrhea (CIA) compared to their counterparts below
35 years—75% vs. 39%. Additionally, the older age group was less frequently treated
with an LHRH agonist, with only 30% receiving the treatment compared to 61% in the
younger group.

A year following the start of chemotherapy, there was a significant decrease in both
AMH levels and AFC. However, MOV remained unaffected. When assessing the correlation
between age and reproductive markers, age exhibited a negative relationship with both the
initial and subsequent AFC and AMH levels. Specifically, the first and fifth AFC levels both
showed a declining trend with increasing age, as did the AMH levels. Conversely, MOV
levels at these two time points showed no significant association with age.

During the follow-up, only about 40% of patients experienced a resumption of their
menstrual cycle.

Delving into the effect of the estrogen receptor (ER) status on outcomes, patients
with ER-positive tumors had lower instances of both CIA and menstrual cycle resumption
compared to those with ER-negative tumors. Yet, the choice of chemotherapy regimen,
whether TC or AC, or the inclusion or exclusion of taxanes did not seem to play a significant
role in either CIA development or menstrual cycle recovery.

Lastly, body mass index (BMI) also offered some insights. While there was not a
significant difference in CIA occurrence between the two BMI groups (≤30 and >30),
patients with a BMI exceeding 30 displayed a noticeable decrease in their AMH levels after
the first year of treatment when compared to those with a BMI of 30 or below.

Our results (Table 2) are summarized below.
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Table 1. Patient’s characteristics compared with CIA (n = 45) or without CIA (n = 26).

CIA Non-CIA p-Value
n (%) n (%)

Age groups
Age ≤ 35 years 9 (20%) 14 (55%)

0.003Age > 35 years 36 (80%) 12 (45%)
Age (median–min–max) 41 (24–45) 35 (23–40)

Age groups
Age ≤ 40 years 18 (40%) 26 (55%)

<0.001Age > 40 years 27 (60%) 0 (0%)
Body mass index

BMI≤30 38 (84%) 25 (96%) 0.13
BMI>30 7 (16%) 1 (4%)

ER receptor
Negative 14 (31%) 2 (8%)

0.02Positive 31 (69%) 24 (92%)
PR receptor

Negative 16 (36%) 4 (15%) 0.06
Positive 29 (64%) 22 (84%)

Histologic grade
Grade 1 - 2 (7.7%)

0.16Grade 2 17 (37.8%) 9 (34.6%)
Grade 3 28 (63.4%) 15 (57.7%)

Molecular subtype
Luminal A 8 (18%) 4 (16%)

0.15
Luminal B 22 (50%) 20 (77%)

HER-2 8 (18%) 1 (3.5%)
TNBC 6 (14%) 1 (3.5%)

pT stage
pT1 10 (22%) 7 (27%)

0.47pT2 24 (53%) 16 (61.5%)
pT3 11 (25%) 3 (12.5%)

Pathologic stage (TNM 8th)
Stage 1 29 (64.4%) 18 (69.2%)
Stage 2 8 (17.8%) 7 (26.9%)
Stage 3 8 (17.8%) 1 (3.8%)

0.19

Type of axillary surgery
ALND 24 (54%) 10 (38.5%)

0.26SLNB 21 (46%) 16 (61.5%)
Radiotherapy

Yes 34 (89.5%) 18 (95%)
No 4 (10.5%) 1 (5%) 0.71

Taxane-based regimen
Taxane 21 (47%) 10 (38.5%)

Without taxane 24 (53%) 16 (61.5%) 0.50
Type of ChT

AC 15 (65%) 8 (61.5%)
TC 8 (35%) 5 (38.5%) 0.82

ChT cycle number
>6 26 (58%) 5 (42%)

0.38≤6 19 (42%) 21 (58%)
Chemotherapy-induced amenorrhea (CIA), adriamycin-cyclophosphamide (AC), docetaxel-cyclophosphamide
(TC), ER (estrogen receptor), and PR (progesterone receptor). BMI (body mass index), ALND (axillary lymph
node dissection), TNBC (triple negative breast cancer), RT (radiotherapy), and Cht: chemotherapy.

Age group ≤35 years vs. >35 years:

• AMH levels were significantly higher in participants aged 35 or younger at both the
initial and later stages (p = 0.001, p = 0.002).

• The AFC displayed higher median values in the younger age group at both time
points, with a significant difference initially (p = 0.007).
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• MOV showed no significant difference between the groups at any stage.
• Age group ≤ 40 years vs. >40 years:
• The AMH levels were considerably higher in individuals aged 40 or younger at both

the beginning and later periods (p < 0.001, p = 0.001).
• AFC and MOV demonstrated no significant difference between the groups at any

time point.

Table 2. Differential impact of age on ovarian reserve markers at initial and final assessments.

Age ≤ 35 Years
(n = 23)

Age > 35 Years
(n = 48) p Score

AMH (1st) 1.84 (0.03–5.50) 0.71 (0.01–6.20) 0.001
AMH (5th) 0.27 (0.01–4.30) 0.01 (0.01–4.76) 0.002
AFC (1st) 7 (0–24) 3 (0–21) 0.007
AFC (5th) 1 (0–8) 0 (0–8) 0.05
MOV (1st) 6.46 (0.93–42.0) 6.27 (1.01–27.6) 0.26
MOV (5th) 3.47 (0.58–15.3) 3.73 (1.10–15.6) 0.80

Age ≤ 40 years
(n = 44)

Age > 40 years
(n = 27) p score

AMH (1st) 1.52 (0.03–6.20) 0.36 (0.01–3.91) <0.001
AMH (5th) 0.06 (0.01–4.76) 0.01 (0.01–0.23) 0.001
AFC (1st) 4.5 (0–24) 3 (0–13) 0.09
AFC (5th) 1 (0–8) 0 (0–5) 0.08
MOV (1st) 6.24(0. 39–42.0) 6.33 (2.08–23.3) 0.60
MOV (5th) 3.78 (0.58–15.6) 3.20 (1.10–10.1) 0.20

AFC: antral follicle number, AMH: antral Mullerian hormone, and MOV: median ovarian volume.

Before treatment, the AMH and AFC values were assessed among the patients. By
the end of the first year, those who had developed chemotherapy-induced amenorrhea
(CIA) presented significantly lower AMH values compared to those who did not develop
CIA. Specifically:

• The median pre-treatment AMH values were 0.755 for the CIA group vs. 1.520 for the
non-CIA group.

• The median pre-treatment AFC values were 4.50 for the CIA group vs. 12 for the
non-CIA group.

• The median AMH value at the end of the first year was 0.010 for the CIA group and
0.073 for the non-CIA group.

These differences were statistically significant, as indicated by their respective p-values.
Subsequently, a multivariate analysis was performed to understand the factors pre-

dicting CIA (Table 3). Based on the univariate analysis, several factors were identified
as significant:

• Age (≤35 vs. >35).
• ER positivity.
• Pre-treatment AMH level.
• Pre-treatment AFC.

From these, ER positivity, the pre-treatment AMH level, and pre-treatment AFC
emerged as the significant independent parameters that could predict CIA.

In a separate regression analysis aimed at identifying factors predicting the resump-
tion of menstrual cycles post-treatment, ER positivity stood out as the only statistically
significant factor. It demonstrated an odds ratio of 0.6, with a 95% confidence interval
ranging from 0.018 to 0.249.

It was found that an AMH level of <1.475 ng/mL could predict the development
of amenorrhea within 3 years (AMH < 1.475 ng/mL, Area Under Curve (AUC): 0.746,
sensitivity: 85%, specificity: 70%, p = 0.001; AFC < 4.5 follicles, AUC: 0.659, sensitivity: 62%,
specificity: 58%, p = 0.02) (Figure 2).
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Table 3. Multivariate analysis with logistic regression for chemotherapy-induced amenorrhea.

Univariate Analysis Multivariate Analysis
OR 95% CI p-Value OR 95% CI p-Value

ER −/+ 0.19 0.038 - 0.891 0.03 0.96 0.94 - 0.98 0.002
HER2 −/+ 0.80 0.435 - 2.936 1.13
ALND −/+ 1.75 0.653 - 4.702 0.26

AMH(pre-chemo) 0.64 0.454 - 0.914 0.01 0.58 0.353 - 0.952 0.03
AFC (pre-chemo) 0.87 0.780 - 0.961 0.007 0.75 0.574 - 0.958 0.02

MOV (pre-chemo) 1.00 0.987 - 1.021 0.68
Taxane (+/−) 0.71 0.267 - 1.910 0.50

TC/AC 0.85 0.209 - 3.491 0.82
Age ≤35/>35 4.66 1.613 - 13.498 0.004
BMI ≤25/>25 2.57 0.929 - 7.118 0.06

Chemotherapy-induced amenorrhea (CIA), adriamycin-cyclophosphamide (AC), docetaxel-cyclophosphamide
(TC), ER (estrogen receptor), and PR (progesterone receptor). BMI (body mass index), ALND (axillary lymph
node dissection), TNBC (triple negative breast cancer), RT (radiotherapy), postCht: post-chemotherapy, AFC:
antral follicle number, AMH: antral Mullerian hormone, and MOV: median ovarian volume.
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value: AMH < 1.475 ng/mL, (Area Under Curve (AUC): 0.746, sensitivity: 85%, specificity 70%,
p = 0.001). First AFC cut-off value: AFC < 4.5 follicles, (AUC 0.659, sensitivity: 62%, specificity 58%,
p = 0.02).

4. Discussion

AMH is an indirect parameter for measuring the follicle pool. High levels of AMH
affect the quality and number of follicles and provide better fertility rates [10]. In many
studies, it was observed that AMH levels and AFC were affected by chemotherapy and
decreased significantly with treatment [8,10,17]. In our study, the AMH and AFC values
were significantly decreased during follow-up in breast cancer patients who received
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adjuvant chemotherapy. Pre-chemotherapy AMH levels and AFC showed a statistically
significant negative correlation with age, whereas MOV did not. CIA development is
an important parameter indicating the ovarian reserve [9]. We found that AMH and
AFC values measured before chemotherapy are the earliest parameters to predict CIA
development in pre-menopausal women undergoing chemotherapy for breast cancer. In
our study, CIA was defined as the discontinuation of menstruation for 6 months after
chemotherapy, the same definition used by a previous study [23]. It was determined that
an AMH level of <1.475 ng/mL could predict the development of amenorrhea within
3 years (AUC: 0.746, sensitivity: 85%, specificity: 70s%, p = 0.001). In addition, there was no
difference between the chemotherapy regimens (including or not including taxane) and
between the AC and TC regimens in terms of CIA development.

A salient finding from Table 1 pertains to the age of patients and its correlation with
chemotherapy-induced amenorrhea (CIA). Age evidently plays a pivotal role in predicting
the onset of CIA. Those aged 35 and below displayed a pronounced difference between the
CIA and non-CIA groups, with a higher percentage (55%) in the non-CIA category. This
difference becomes even more accentuated when we shift our focus to the age bracket of
40 years. While 40% of patients in the CIA group were aged 40 or below, a striking 100%
of the non-CIA group fell within this age range, emphasizing the significance of age as a
determinant factor. The absence of any patients over 40 in the non-CIA group, coupled
with a highly significant p-value of <0.001, indicates a clear age-related trend. Such findings
underscore age as a potential predictor for CIA, suggesting that younger breast cancer
patients might be less susceptible to CIA, a crucial insight that can influence therapeutic
decisions and patient counseling.

AMH levels and AFCs were shown to be more efficient than age, FSH, and inhibin B
levels in predicting ovarian reserve and fertilization [25]. In our study, while both AMH
levels and AFCs were identified as strong predictors of ovarian reserve and fertilization, it
is worth emphasizing that the statistical significance of AFC was most pronounced at the
first measurement. This suggests that the initial AFC measurement might be a particularly
reliable indicator in the early stages of evaluation. Thus, AMH levels and early AFC
measurements, in this context, proved to be more effective predictors than age, FSH, and
inhibin B levels. Wenners A. et al.’s study with 51 breast cancer patients revealed that AFC
and AMH values decreased significantly with advanced age, and AFC, AMH, and MOV
values decreased significantly after adjuvant chemotherapy [26]. In another study in which
AFCs and AMH levels were evaluated, the AMH value of those who had more than four
follicles was >1.2 ng/mL and that of those who had less than four follicles was found to
be ≤1.2 ng/mL as a result of induction chemotherapy. In a study of fifty-two patients, it
was reported that the values after 6 months of treatment, in which both AMH and AFC
values predicted ovarian reserve, were higher in the patients whose menstrual cycle had
returned [27]. According to a retrospective analysis conducted with 107 patients in 2020,
age was found to be an important factor in patients with breast cancer who developed
amenorrhea due to chemotherapy [28]. The fact that the majority of patients were over the
age of 40 (78%) should be considered as an important factor affecting this result. In our
study, the number of patients over the age of 40 was 38%.

In our study, chemotherapies suitable for current adjuvant treatments were given.
In addition, the effects of the taxane-containing chemotherapy regimen and taxane-free
chemotherapy regimens on CIA were investigated in a subgroup analysis; AC and TC
regimens were compared in terms of the development of CIA and no difference was found.
The AMH, AFC, and MOV values of the patients were compared in terms of CIA at the
baseline and follow-up. Similar to our study, Anderson et al. revealed that long-term
ovarian function after chemotherapy could be predicted by pre-treatment serum AMH
concentration. This may also be of value in counseling the patient regarding the need for
fertility preservation procedures before commencing therapy [29]. In our study, AMH levels
and AFCs were found to be the most effective and the earliest independent parameters for
the prediction of CIA. Xue C et al. reported, retrospectively, that CIA could be predicted
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with 74% sensitivity and 81.4% specificity for an AMH level of <0.965 ng/mL in 120 pre-
menopausal patients [30]. D’Avila et al. reported that an AMH level of <3.32 ng/mL
and AFC of <13 follicles were correlated with a significantly higher risk of amenorrhea or
oligomenorrhea development after cyclophosphamide treatment [31]. There is no clear
consensus in the literature on studies on AMH levels [32]. In our prospective study,
CIA development was predicted for the 3 years following SC in patients with an AMH
level of <1.475 ng/mL, with 85% sensitivity and 70% specificity (AUC: 0.746, p = 0.001).
AFC < 4.5 follicles predicted CIA with a lower sensitivity and specificity than the AMH
level (AUC: 0.659, sensitivity: 62%, specificity: 58%, p = 0.02). In addition, the contin-
uation of fertility may be more likely in patients with high pre-treatment AMH levels.
Ovum cryopreservation is the most commonly used method for the prevention of fertil-
ity [8,15,17,20]. Although there is limited information in the literature, the rate of healthy
infants is 20–30% in ovarian cryopreservation and is dependent on the age and ovarian
reserve of the oncology patients [33]. It was reported that LHRH agonists started one week
before chemotherapy were safe in both hormone receptor-positive and -negative patients,
and it was reported that they had a healthy infant rate of 10–15%. It is safe to use and does
not cause time loss [34,35]. According to the results of the current study, if patients have
high AMH levels and AFCs before chemotherapy and do not have enough time or have a
second surgical indication, the use of LHRH agonists independently of the chemotherapy
regimen may be considered in clinical practice. The current prospective study revealed that
women receiving adjuvant chemotherapy for breast cancer who had an initial AMH level
greater than 1.475 ng/mL could be significantly less likely to develop CIA than those with
levels lower than 1.475 ng/mL.

The rate of menstrual cycle resumption after CIA was 40%, similar to another study [27],
even though the median follow-up period of our study was longer (37 months vs. 14 months).
According to the findings of Petrek et al., the mean time required for the return of menstrual
cycles in patients who developed transient amenorrhea is 15 months; therefore, the follow-
up period in this study should be considered sufficient for evaluation [36]. According to
Sukumvanic et al., a 2–3-year period is sufficient for the return of the menstrual cycle [37].

The AMH values measured at the end of the first year of treatment were found to be
significantly lower in those with a BMI of more than 30 in accordance with the literature [38].

This study revealed that measurements of AMH levels and AFCs before adjuvant
chemotherapy should be advised to pre-menopausal breast cancer patients who desire to
know if their menstrual cycles will continue or not.

4.1. Clinical Implications

In a clinical and practical context, this research brings forward valuable insights
that could be utilized to enhance the holistic care approach for pre-menopausal women
undergoing chemotherapy for breast cancer, particularly pertaining to their reproduc-
tive health. The pivotal findings regarding the AMH levels and AFC as early indica-
tors of chemotherapy-induced amenorrhea (CIA) development underpin a potential new
paradigm in pre-emptive measures and counseling in fertility preservation. This is espe-
cially salient for patients who harbor concerns about their post-chemotherapy fertility or
are considering future family planning. Our findings of specific AMH and AFC thresholds
associated with CIA risk can be operationalized to create risk profiles for patients prior to
chemotherapy initiation, thereby facilitating informed decision-making regarding fertil-
ity preservation strategies, such as ovum cryopreservation or the use of LHRH agonists.
Moreover, this research offers a valuable contribution to the existing body of knowledge
in oncology and reproductive medicine by demonstrating the potential of pre-treatment
AMH and AFC values as predictive markers, which could be incorporated into standard-
ized pre-chemotherapy evaluations and management protocols. Amidst the myriad of
challenges faced by breast cancer patients, offering transparent, data-driven counsel on
potential long-term ovarian impacts of chemotherapy based on our findings not only stands
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to enhance patient autonomy and satisfaction but also adds a nuanced, patient-centric
dimension to oncological care.

4.2. Limitations

However, there are several limitations to this study. One limitation is the small sample
size. The AMH and AFC values could predict ovarian reserve but we need to have longer
follow-ups. Another limitation is the varying definitions of CIA among different studies.
In the meta-analysis by Wang et al., which examined 68 studies, 13 studies used 3 months
as the minimal duration of amenorrhea, 19 studies used 6 months, and 20 studies used
12 months. Moreover, 17 studies did not explicitly state the definition of CIA [39]. Another
limitation that we should mention is that the patients were not treated with platinum-based
chemotherapy. Therefore, we could not investigate how platinum-based regimens affected
amenorrhea in our study.

5. Conclusions

Pre-chemotherapy AMH levels and AFCs showed a statistically significant negative
correlation with age, whereas MOV did not. In conclusion, AMH and AFC values measured
before chemotherapy are the earliest parameters for predicting CIA development in pre-
menopausal women undergoing chemotherapy for breast cancer. There was no difference
between the chemotherapy regimens (including or not including taxane) or between the
AC and TC regimens in terms of CIA development.
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