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Abstract

Background: The numerous side effects of chemotherapy in patients with breast cancer are well known. However,
the precise effects of chemotherapy on ovarian function in premenopausal women are poorly investigated. The
patients are at risk of developing sexual hormone deficiency and impaired fertility. This prospective cohort study
addresses predictive parameters of ovarian reserve after chemotherapy.

Methods: Fifty-one premenopausal women (28–46 years) with primary breast cancer were included in the trial. All
of them received anthracycline-based chemotherapy (n = 18), or combinations with taxanes (n = 30), or anthracycline-
free chemotherapy (n = 3). Changes in hormone levels (LH, FSH, E2 and Anti-Müllerian hormone (AMH)), antral follicle
count (AFC), and amenorrhea were determined before (V1), and 6, 12 and 24 months after the initiation of chemotherapy
(V2-V4). Quality of life parameters were evaluated. The additional impact of parity, BMI, and smoking on ovarian reserve
was also assessed.

Results: AFC and AMH fell very markedly after chemotherapy and did not return to pre-treatment levels until V4.
A significant positive correlation was noted in AFC before and 1 year after chemotherapy. AMH levels at V2-V4
were significantly correlated with those registered at V1. AFC and AMH were negatively correlated with age.
Continued smoking had a significant detrimental effect on AFC after 24 months. LH and FSH levels increased
between V1 and V2 and fell at V3 and V4, but stayed above pre-chemotherapy values. Two years after the start of
chemotherapy 31/51 patients were amenorrhoic while 17 resumed their menstrual cycle; this was not influenced
by the type of chemotherapy or age. Non-smokers were 13 times more likely to resume their menstruation than
smokers. Quality of life (QL) was significantly lower 6 months after the initiation of chemotherapy. QL at one and
2 years after chemotherapy did not differ significantly from pre-chemotherapy scores.

Conclusions: Our study contributes to a better understanding and prediction of ovarian reserve in young early
breast cancer patients undergoing chemotherapy. The data suggest that personal counseling in regard of the
preservation of fertility should be offered especially to patients of a higher age, with low AMH levels or low follicle
counts. Patients should be advised to stop smoking in order to enhance the likelihood of preserving their fertility.
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Background
Eight percent to 12% of all breast cancers occur before the
age of 35 years [1]. The side effects of chemotherapy are
well known. Nevertheless, we lack knowledge of their pre-
cise effects on ovarian function and fertility. Adjuvant
chemotherapy is indicated for patients with a high risk of
recurrent disease [2]. Endocrine therapy is recommended
for all tumors that express the estrogen (ER) and/or pro-
gesterone receptor (PR). Tamoxifen is a selective estrogen
receptor modulator and is the endocrine therapy of choice
in premenopausal women (20 mg per day for 5 to 10 years)
[3]. In premenopausal patients with ER/PR-positive high-
risk cancers or patients aged <35 years, gonadotropin-
releasing hormone (GnRH) analogs/agonists may be used
in addition to tamoxifen [4–6].
In young patients the treatment of breast cancer is

rendered difficult by the fact that they may still wish to
have children [7]. Therefore, issues such as fertility pres-
ervation and planning a pregnancy after the conclusion
of chemotherapy should be addressed prior to the start
of treatment. However, many patients are much older
when their treatment is concluded, and ovarian function
is additionally harmed by chemotherapy and endocrine
therapy [1]. Symptoms of sexual hormone deficiency,
chemotherapy-induced amenorrhea (CIA), and impaired
fertility are known to occur [8]. CIA begins shortly after
the first dose of chemotherapy, persists up to several
years after the conclusion of chemotherapy, and possibly
continues directly into menopause.
Ovarian function is measured by hormone levels in the

early phase of the menstrual cycle. This includes estrogen
(E2), follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), prolactin, testosterone and Anti-Müllerian
hormone (AMH) on day 3–5 of the cycle [9]. Postmeno-
pausal hormone levels are reached when the ovaries are
resistant to gonadotropins and when LH levels are 5-fold
above normal. FSH is elevated 10- to 15-fold andestradiol
decreases below 20 pg/ml. [9]. AMH plays a special role
because it remains nearly unaltered by exogenous steroids
or hormonal contraception and cyclic fluctuations [10]. A
transvaginal ultrasound may be performed to determine
the number of antral follicles, endometrial thickness, and
measure the volume of the ovaries [1]. AMH is fundamen-
tally involved in folliculogenesis and the selection of a
dominant follicle by inhibiting FSH. Currently it is one of
the most important parameters to measure ovarian re-
serve [11, 12] and is strongly correlated with the antral fol-
licle count [13, 14]. AMH levels and age, as well as AMH
levels and body mass index are negatively correlated [10,
15]. AMH values may vary significantly, depending on in-
dividual biological fluctuations, exposure to medication,
ovarian surgery, and different detection assays [16]. The
standard reference value for AMH at our institution is
2.0–6.8 ng/ml (Table 1). Estradiol (range 10–500 pg/ml) is

formed in the granulosa cells of a maturing follicle and
after ovulation in the corpus luteum [9]. Women produce
small quantities of the androgen testosterone in stromal
cells of the ovary and the adrenal cortex [9].
Sixty-nine percent of all changes in the volume of the

ovaries are age related. The volume fluctuates between
0.7 ml at the age of 2 years, to 7.7 ml at the age of
20 years and 2.8 ml at the time of menopause. In
addition to AMH and AFC, the volume of the ovary is a
useful biomarker of ovarian reserve [17]. Chemotherapy
and tamoxifen may reduce the volume [18]. The number
of primordial follicles decreases in the course of a
woman’s life: 400,000 follicles are present at puberty and
a mere 70,000 at the age of 40 years [1]. Chemotherapy
significantly enhances the degradation of primordial fol-
licles in premenopausal women [19]. The gonadotoxicity
of chemotherapy drugs is very diverse [20].
Pharmacological protection of the ovaries by GnRH

analogs and active reproductive methods such as cryo-
preservation of fertilized or unfertilized oocytes have
been discussed in the past. [21]. An innovative and ex-
perimental alternative is ovarian tissue freezing and
transplantation [22].
The changes in a young woman’s life during and after

chemotherapy require adequate counseling in addition
to oncologic care. In the present study we evaluate the
precise effects of different chemotherapy drugs on the
ovarian function and fertility of young breast cancer pa-
tients. When a patient’s data indicate a high risk of infer-
tility, it would be meaningful to consider methods for
the preservation of ovarian function or fertility, such as
cryopreservation of oocytes or embryos, prior to the ini-
tiation of chemotherapy. Predictive parameters of ovar-
ian reserve after chemotherapy could be helpful in
providing supportive cancer therapy for premenopausal
breast cancer patients.

Methods
A prospective cohort study was performed at a single aca-
demic breast cancer center. Data were collected from
March 2010 to May 2014, with a follow-up period of
24 months. Fifty-one premenopausal women were enrolled
in the study before the initiation of (neo-)adjuvant chemo-
therapy for primary breast cancer. All patients had given
their written informed consent and the study was approved
by the local review board (AZ D 432/09, 21.09.2009).
At each visit the patients underwent a transvaginal

ultrasound investigation, blood samples were taken, and
three questionnaires were answered by the patients. The
first visit (V1) took place before the first administration of
chemotherapy. The second visit (V2) occurred 6 months,
the third (V3) 12 months, and the fourth (V4) 24 months
(22–26 months) after the initiation of chemotherapy.
Blood samples were analyzed in regard of AMH, E2, FSH,
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LH, prolactin and testosterone at each visit, with an electro-
chemiluminescence immunoassay (ECLIA) using Cobas8000
Module602 (Roche Diagnostics).
Ultrasound was performed by experienced physicians. In

addition to endometrial thickness and ovarian volume (on
either side), the number of antral follicles in the ovaries were
determined. The ovaries were screened in two planes for fol-
licles (2–10 mm), which were counted separately for each
side [14]. Intra-cycle variability is minimized by performing
the AFC on the 3rd to 5th day of the cycle. This optimal
timing was not always possible (at visit 1) because chemo-
therapy had to be started immediately in some patients. It
was also impossible to find an optimal day of the cycle in
amenorrhoic women. Chemotherapy-induced amenorrhea
(CIA) was defined as amenorrhea within 6 months after
the initiation of chemotherapy. Self-reported menstrual
histories were used to determine clinical ovarian func-
tion regardless of hormone levels. Resumption of the
menstrual cycle was defined as repeated cyclic bleeding
after CIA and conclusion of chemotherapy, during the
follow-up period of 24 months.
Quality of life (QL) was evaluated by three question-

naires which were filled by the patients at each of the
four visits: the EORTC QLQ-C30 (core module) [23],
the EORTC QLQ-BR23 (breast cancer module) [23],
and a special questionnaire designed for the study (see
copy as Additional file 1). Standardized algorithms were
used for the evaluation of QL [24]. All of the scales and
single-item measures ranged from 0 to 100. A high
score signified a higher response level. We also used a
special questionnaire generated for the study, with
questions on age, marital status, parity and children,
education, pre-existing medical conditions, medication,
smoking and alcohol consumption, the ongoing desire
to have children, history of miscarriage and abortions,
contraceptive methods used, the duration of the men-
strual cycle, age at menarche, and when amenorrhea
occurred during or after chemotherapy. QL data were
then correlated with data from transvaginal ultrasound
and laboratory results. Data concerning the current
cancer were recorded, including adjuvant or neoadju-
vant therapy, chemotherapy regimen and dose, endo-
crine therapy, and body mass index (BMI).

Statistical methods
Quantitative values were presented as means and standard
deviations, minimum and maximum, as well as quartiles.
The data were tested for normal distribution using the
Kolmogorov-Smirnov test in case of significant deviations
from normal distribution. The Kruskal-Wallis test was
used to compare more than two independent samples,
and the Mann-Whitney U test for two independent sam-
ples. Two measurements over time were compared with
Wilcoxon matched pairs test each, and correlation analysis
was performed using Spearman’s rank correlation. Para-
metric methods were used in the absence of significant
deviations from normal distribution. Two independent
samples were compared with the two-sample t-test.
Ordinal and nominal values were shown in absolute

and percent frequencies. Two of each of these values
were compared in contingency tables and tested for de-
pendence with the chi-square test. Fisher’s exact test was
used when the expected frequencies proved to be too
small. Odds ratios were calculated to quantify the effect
of the influencing factors.
The tests were two sided with a significance level of

5%. An alpha adjustment for multiple testing was not
performed, and the results were interpreted accordingly.
SPSS Statistics 22 (SPSS Inc. an IBM Company, Chicago,
IL) was used for statistical calculations.

Results
The mean age of the 51 women was 38 years (range, 28–
46 years) at V1. They received either anthracycline-based
“A” chemotherapy (5-fluorouracil, epirubicin, cyclophos-
phamide (FEC); n = 18) or a combination with taxanes “T”
(docetaxel, doxorubicin, cyclophosphamide (TAC) or FEC/
docetaxel (Doc) or epirubicin, cyclophosphamide (EC)/pac-
litaxel (Pac); n = 30), or an anthracycline-free “AF” regimen
(cyclophosphamide, methotrexate, 5-fluorouracil (CMF) or
Doc; n = 3).Thirty-two patients were ER/PR-positive and
received tamoxifen, while 19 were ER/PR-negative. Seven
patients received GnRH agonists. Forty-four patients
attended all four visits. Four patients died during the study
period, one of them after her fourth visit. Four patients
withdrew their consent. Patient characteristics are summa-
rized in Table 2.

Table 1 Local reference values

25–29 years 30–34 years 35–39 years 40–44 years 40–50 years

AMH ng/ml 1.18–9.16 0.67–7.55 0.78–5.24 0.10–2.96 0.05–2.06

Luteal Ovulation Follicular Menopause

Estradiol ng/ml 43.8–211 85.8–498 12.5–166 < 54.8

FSH IU/l 1.7–7.7 4.7–21.5 3.5–12.5 25.8–134.8

LH IU/l 1–11.4 14–95.6 2.4–12.6 7.7–58.5
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Markers of ovarian reserve: AFC and AMH
AFC fell very markedly from 8.5 at V1 to 2.1–1.8 at V2–4
after chemotherapy; pre-treatment levels were not
achieved until the end of the observation period (Fig. 1b).
AFC levels before chemotherapy were significantly posi-
tively correlated with those registered 1 year after chemo-
therapy (p = 0.012). AMH levels also fell markedly from
V1 to V2–4. AMH levels at V2–4 (0.16–0.19 ng/ml) were
correlated with those at V1 (1.28 ng/ml) (V2 p = 0.013;
V3 p = 0.004, V4 p = 0.012; Fig. 1a).
Both AFC and AMH were negatively correlated with

age at V1 (p = 0.004; p < 0.001), and AMH at subse-
quent visits as well (p = 0.032 at V4). Neither at V4 nor
at other visits did the type of chemotherapy (A vs. T vs.
AF) or its cumulative dose influence AFC or AMH levels
(both p > 0.05). Compared to the absence of endocrine
therapy, the use of tamoxifen at V4 was correlated with
a significant reduction in AFC (p = 0.039), but had no
impact on AMH levels. The number of smokers at all 4
visits was constant (n = 14). Continued smoking had a
significant detrimental effect on AFC after 24 months
(p = 0.001). BMI showed no significant correlation with
AFC or AMH. The data are shown in Table 3.

Ovarian size
Ovarian size decreased significantly between V1 (6.4 m3)
and V2 (2.7 m3; p = 0.008), but increased thereafter (V3
3.1 m3, V4 3.7 m3; Fig. 1c).
Ovarian volume was positively correlated with AFC at

V4 (p = 0.003), but not with AMH. A negative correlation
was noted between ovarian size at V4 and LH, FSH and
E2 at V1 (p = 0.002, p = 0.025, p = 0.037). Positive correla-
tions with E2 levels were observed at each corresponding
visit (p < 0.001). Patients who resumed menstruation had

significantly larger ovaries at V4 (5.0 m3) compared to
those who remained amenorrhoic (2.9 m3; p = 0.007).
Smokers had significantly smaller ovaries at V4 (2.8 m3)
than non-smokers (4.1 m3; p = 0.027).
No significant association was observed with age, the type

or dose rate of chemotherapy, the duration of amenorrhea,
and BMI.

Endocrine markers: LH, FSH, E2
Patients experienced an increase of LH and FSH between
V1 (LH 8.9 IU/l, FSH 7.8 IU/I) and V2 (LH 36.5 IU/l, FSH
19.3 IU/I). FSH rose to the postmenopausal level of 47.0 IU/
I at V3, whereas LH had started to fall (22.1 IU/l). Both LH
and FSH fell further at V4 (LH 14.7 IU/l, FSH 26.9 IU/I),
but stayed above pre-chemotherapy levels (Fig. 1d and e).
FSH at V4 was correlated with V1 levels (p = 0.005), but LH
showed no correlation. At V4, LH and FSH were positively
correlated with age (p = 0.001). E2 showed a negative but
non-significant correlation with age. Prolactin and testoster-
one revealed no correlations with the given data.
LH, FSH and E2 were not influenced by the type of

chemotherapy, its cumulative dose, or subsequently by tam-
oxifen alone compared to patients without endocrine ther-
apy. However, with regard to patients receiving endocrine
therapy, a significant difference was noted between those
who were treated with tamoxifen alone and those who re-
ceived both tamoxifen and a GnRH agonist. The first group
had significantly higher levels of LH and FSH at V3 and V4
(LH/FSH p = 0.002; p < 0.001). The combination of tamoxi-
fen and a GnRH agonist differed significantly from both, pa-
tients receiving no tamoxifen (LH/FSH p = 0.001, p = 0.003)
and patients receiving tamoxifen alone (LH/FSH p ≤ 0.001).
E2 levels at V4 were significantly reduced (p = 0.003)

by continued smoking, whereas LH and FSH levels were
not influenced by smoking.
None of the endocrine markers was significantly corre-

lated with BMI.

Amenorrhea and resumption of menstruation
All but 3 patients turned amenorrhoic within 6 months
after the first administration of chemotherapy. Two years
after the initiation of chemotherapy, 31 of 48 patients with
CIA remained amenorrhoic while 17 (35.4%) resumed
their menstruation. The mean duration of amenorrhea in
CIA patients was 20 months (range, 3–26 months).
A significant negative correlation was noted between

the duration of amenorrhea and AFC at V1 (p = 0.009),
V2 (p = 0.04) and V3 (p = 0.003). Low AMH levels
were also correlated with longer amenorrhea at V1
(p = 0.014) and V4 (p = 0.035). Non-smokers were 13
times more likely to resume their menstruation than
smokers. Non-smokers started bleeding again in 50% of
cases, whereas 92% of smokers remained amenorrhoic
(p = 0.005; Fig. 2; Table 4).

Table 2 Patient characteristics

Number Percent

Parity Nulliparous 18 35.3

Primiparous 19 37.3

Multiparous 14 27.4

Smoking yes 14 27.5

no 37 72.5

Resumption of the menstrual cycle yes 19 38.0

no 31 62.0

Chemotherapy regimen A 18 35.3

T 30 58.5

AF 3 5.9

GnRH analog yes 7 13.7

no 44 86.3

Tamoxifen yes 32 62.7

no 19 37.3

A anthracycline-based, AT combination with taxanes, AF anthracycline-free
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The duration of amenorrhea was not influenced by age,
the type of chemotherapy, dose rate, tamoxifen, smoking or
BMI. Tamoxifen therapy was correlated with a greater like-
lihood of permanent amenorrhea (p = 0.058, n.s.; Table 4).

Quality of life
Quality of life was significantly lower at 6 months after
the initiation of chemotherapy than at V1. At 1 and
2 years after chemotherapy, QL did not differ markedly

from pre-chemotherapy levels, but was significantly
higher than the score registered immediately after
chemotherapy (p = 0.001). This was seen not only on
the global health status, but also on functional scales.
The patients’ role functioning was poorer at V2 than at
V1, but improved at 1 and 2 years after chemotherapy
(p = 0.028). The patients were less emotional (p = 0.005)
and had poorer social functioning (p = 0.01) at V2 than
at V1; both of these functions were improved at V3 and

Fig. 1 Development over the period of observation. a AMH; b Number of antral follicles; c Ovarian volume; d LH; e FSH. In the box plots 50% of
the values are located within the box. The upward or downward antennas each represent 25% of the values. The horizontal line inside a box
indicates the median value. A circle (°) marks outlier values whose spacing down to the 25% or up to the 75% percentile is between 1.5 to 3
times the height of the box. An asterisk (*) indicates extreme values whose distance from the 25% or 75% percentile is more than three times the
height of the box [41]
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V4. Symptoms such as fatigue (p = 0.023) and dyspnea
(p = 0.003) showed the same pattern. Many patients had
significantly more financial problems after the end of
chemotherapy, but were in better financial condition at
1 and 2 years after chemotherapy (p = 0.001).
No significant correlation was noted in regard of the

development of physical functioning, cognitive function-
ing, nausea and vomiting, pain, loss of appetite, consti-
pation, diarrhea, and insomnia at the different visits.
As regards breast-cancer-specific items, the patients’

body image was not as good at V2 as it had been be-
fore chemotherapy, but rose again at 1 and 2 years
after chemotherapy (p = 0.023). Sexual functioning
reached its lowest point at 6 months after the start of
treatment, but almost returned to pre-treatment levels
6 months later (p = 0.003). Sexual enjoyment did not
differ significantly. Future perspectives were better
1 year after chemotherapy than before treatment, but
reduced again at V4 (p < 0.001). Symptoms in the arms
were worst at the last visit 2 years after the start of
chemotherapy (p = 0.018). No significant difference in

quality of life was noted in regard of hair loss or breast
symptoms.
No correlation was registered between quality of life

and markers of ovarian reserve (AFC, AMH), endocrine
markers (LH, FSH, E2), amenorrhea, or the resumption
of bleeding. Thirty-three (64.7%) patients were mothers
of at least one child and had completed their family
planning. Only two null gravida women still wanted a
child. Neither the desire for children nor parity were
correlated with quality of life at any visit.

Discussion
The course of AMH before, during and after chemother-
apy in breast cancer patients has been addressed in a
small number of studies, all of which did not comprise
more than 59 patients. Like other authors we found that
AMH and AFC levels fell significantly and rapidly from
V1 to V2–4, and did not return to pre-chemotherapy
levels until the end of the study [25–28]. This drastic
change suggests that the majority of primordial follicles
are affected by chemotherapy. A clear association was

Fig. 2 Number of patients who resumed menstruation and their smoking behavior

Table 3 Associations with markers of ovarian reserve

AFC [p-value] AMH [p-value]

V1 V2 V3 V4 V1 V2 V3 V4

Age [years] 0.004 0.326 0.683 0.268 <0.001 0.821 0.008 0.032

Chemotherapy regimen (A vs. T vs. AF) 0.880 0.392 0.120 0.198 0.173 0.428 0.249 0.277

Tamoxifen (yes vs. no) 0.114 0.930 0.953 0.039 0.036 0.683 0.259 0.119

Smoking (yes vs. no) 0.124 0.292 0.124 0.001 0.328 0.789 0.297 0.389

BMI 0.284 0.647 0.713 0.974 0.077 0.487 0.574 0.669

AFC antral follicle count, AMH Anti-Müllerian hormone, italic numbers present significant p-values
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observed between AMH values before chemotherapy
and those registered 2 years later. This has been con-
firmed by Anderson et al., who found that AMH was a
valuable indicator of ovarian function and reserve after
chemotherapy [18, 29]. The authors also showed that
AMH concentrations before chemotherapy predict long-
term ovarian function after cytoreductive treatment [30].
In our study, pre-chemotherapy levels of AFC as well

as AMH were negatively correlated with age. In addition
to AMH, young age was shown to be one of the most
important predictors of restored endocrine function and
potential fertility in breast cancer survivors [31, 32].
In the present study, ovarian size was investigated as an

additional parameter of ovarian activity and proved to be
a marker of ovarian endocrine function, possibly even
ovarian reserve. Ovarian volume was reduced after the
start of chemotherapy, increased later, and was signifi-
cantly correlated with low AFC, high LH and FSH, and
amenorrhea. Ovarian size has been addressed in a small
number of published studies. Anderson reported that
ovarian size at 12 months after the start of chemotherapy
was significantly smaller than the pretreatment size, and
added later that ovarian volume was significantly higher in
women with regular menstruation after 5 years of chemo-
therapy than in amenorrhoic ones [18, 30]. Our data re-
vealed no significant association between AMH and the
duration of amenorrhea. This may have been because
some patients could not be examined on cycle day 3–5 at
V1; thus the correct ovarian size may not have been
registered at this visit.
Taking a closer look at the endocrine parameters of

ovarian function, we registered similar data as those re-
ported earlier [18, 25]. FSH and LH were high, similar to
those in postmenopausal women, and E2 was significantly
reduced at all visits compared to pre-treatment levels.
LH and FSH levels at V3 and V4 differed in patients

receiving different endocrine therapies. Those who re-
ceived tamoxifen alone had significantly higher levels of
gonadotropins than those who were given additional
GnRH analogs, thus indicating a potential protective ef-
fect of GnRH analogs on fertility.
This question has been controversially discussed in the

past. The recent ZORO study comprising 60 women
showed no significant difference in amenorrhea between

patients treated with or without GnRH agonists [33],
whereas the larger POEMS study (257 patients) revealed
significantly fewer amenorrhoic patients and more preg-
nancies among breast cancer survivors in the GnRH
agonist group [34]. In a recent meta-analysis as well,
more patients who received GnRH agonists had regular
menstruation, but the authors were unable to draw final
conclusions concerning fertility [35]. The current guide-
lines of the American Society for Reproductive Medicine
recommend the use of GnRH agonists for the preserva-
tion of fertility [36].
We observed no association between the type or cumula-

tive dose of chemotherapy and any of the analyzed markers,
such as AFC, AMH, ovarian size, the duration of amenor-
rhea, LH, FSH, or E2. The study with the longest follow-up
period so far confirmed the absence of this association at
the end of the observation period of 5 years [17, 32].
Notably, 35.4% of our patients had resumed menstru-

ation at month 24 after chemotherapy while 64.6%
remained amenorrhoic. The duration of amenorrhea was
negatively correlated with the markers of ovarian reserve
(AFC and AMH) at nearly all visits, suggesting that
regained menstruation is indeed a critical marker of
ovarian reserve. Nevertheless, AMH does not predict the
recurrence of menstrual bleeding in all cases [25]. We
registered no correlation between the duration of amen-
orrhea and age. A marginal influence of age on amenor-
rhea has been reported by some groups [30] and
contradicted by others [20].
We found striking evidence of the detrimental effect of

smoking on ovarian reserve: smokers not only had lower
E2 levels, smaller ovaries and a lower AFC than non-
smokers 2 years after chemotherapy, but also remained
amenorrhoic in large numbers (92%). Smoking not only
targets and impairs all stages of reproductive function, but
also heightens ovarian aging, possibly resulting in prema-
ture menopause [37]. Active smoking is known to be asso-
ciated with reduced AMH levels in perimenopausal
women [38]. This suggests a potential damaging effect of
smoking on AFC, thus confirming our data.
Based on the present data we suggest that all young

breast cancer patients should receive a basic diagnostic
work-up with transvaginal ultrasound and serum ana-
lysis before the initiation of chemotherapy. This would

Table 4 Associations with the duration of amenorrhea and resumption of menstruation

Duration of amenorrhea [p-value] Resumption of menstruation [p-value]

Age [years] 0.332 0.056

Chemotherapy regimen (A vs. T vs. AF) 0.203 0.187

Hormone therapy (yes vs. no) 0.066 0.058

Smoking (yes vs. no) 0.082 0.005

BMI 0.698 0.164

Italic numbers present significant p-values
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serve as a basis for fertility counseling, the options, risks
and likelihood of successful conception. Currently a
mere 50% of all patients worldwide receive such guidance.
As a result, many women start chemotherapy without be-
ing aware of the potential loss of fertility [39, 40]. This is
alarming in view of the fact that approximately one third
of all premenopausal breast cancer patients still wish to
have children at the time of diagnosis [40].
Especially young breast cancer patients are at high risk

of recurrence and therefore receive aggressive treatment
with severe side effects. As revealed by questionnaires, the
patients reported various side effects of cytotoxic treat-
ment, such as toxic, psychosocial, and functional ones.
We registered no correlation between quality of life and
markers of ovarian activity, ovarian reserve or the desire
to have children. Nevertheless, unwanted childlessness is
defined as a disease by the WHO and must therefore be
viewed as a side effect of chemotherapy. Professional
counseling could help to diminish this severe side effect
and enhance the patients’ quality of life.

Conclusions
We confirmed the importance of AMH, AFC and age as
predictors of ovarian function and reserve in breast can-
cer patients undergoing chemotherapy. Additionally,
smoking seems to be a significant marker in terms of
predicting decreased ovarian activity and reserve. More
studies will be need to clarify the influence of smoking
and other factors on fertility. Reliable information ob-
tained from future studies will help clinicians and
women to evaluate treatment options and fertility pres-
ervation strategies before the initiation of chemotherapy.

Additional file

Additional file 1: Questionnaire, designed for this study, containing
questions on age, marital status, parity and children, education, pre-existing
medical conditions, medication, smoking and alcohol consumption, the
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