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ABSTRACT
Purpose: To assess the incidence of chemotherapy-induced ovarian function 

failure (COFF) based on estradiol and follicle stimulating hormone (FSH) monitoring 
in premenopausal women with hormone-receptor positive breast cancer treated with 
second and third generation (neo-)adjuvant chemotherapy.

Results: We identified 115 eligible women. Two years after start of chemotherapy, 
COFF was significantly more often present in women ≥ 40 years (85.6%) as compared 
to women < 40 years (8.7%). Only age was significantly associated with COFF two 
years after start of chemotherapy (HR 12.26; 95% CI 5.21–28.86). In 50% of the 
patients, premenopausal hormone levels were the first or only evidence of ovarian 
function recovery (OFR).

Materials and Methods: We included all premenopausal women with hormone-
receptor positive breast cancer treated with anthracycline-based chemotherapy, 
with or without taxanes, in our university hospital in the Netherlands in the years 
2005-2013. Patients were 3-monthly monitored for ovarian function. Cox proportional 
hazards model was used to determine the predictive impact of various parameters 
on the occurrence of COFF.

Conclusions: After second- or third generation (neo-)adjuvant chemotherapy, 
COFF was still present in 8.7% of patients < 40 years after two years. FSH and 
estradiol monitoring may be relevant for those in whom ovarian function suppression 
is considered an additional effective endocrine treatment.

INTRODUCTION

Approximately 30% of women diagnosed with breast 
cancer is premenopausal [1]. In the presence of prognostic 
unfavorable factors, (neo-)adjuvant systemic therapy is 
recommended in order to improve breast cancer survival. 
Systemic therapy may cause amenorrhea and premature 
menopause. The only clear predictor of chemotherapy-
induced amenorrhea described in literature, is age  
[2, 3, 4, 5]. Older pre- and perimenopausal women 
(≥ 40 years) have greater odds to experience chemotherapy-
induced amenorrhea than younger women (49–100% 

versus 10–71%) [2, 3, 4, 5]. Moreover, older (≥ 40 years) 
premenopausal women have a lower chance on ovarian 
function recovery (OFR) during follow-up than younger 
women (33% versus 68%, respectively) [2, 3, 4, 5]. 

During the last decades, a shift took place in the 
type of adjuvant chemotherapy in breast cancer patients. 
Currently, most patients receive an anthracycline and/or 
taxane-based regimen instead of an alkylating-based first-
generation schedule (cyclophosphamide, methotrexate, 
5-fluorouracil  (CMF)),  because  of  a  higher  efficacy  in 
terms of breast cancer outcome [6]. Some studies report a 
lower incidence of chemotherapy-induced amenorrhea in 
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patients receiving anthracycline-based regimes compared 
to those receiving CMF, attributable to lower dosages 
of cyclophosphamide [3]. Others suggest an increased 
incidence, indicating a gonadal toxic effect of anthracyclines 
[3, 7]. The impact of taxanes and endocrine treatment with 
tamoxifen or aromatase-inhibitors on the incidence of 
chemotherapy-induced amenorrhea is unclear [2, 3].

Ovarian function suppression can disrupt the quality 
of life in premenopausal women as a result of subsequent 
infertility and other menopausal related short- and long-
term side effects [2, 8, 9, 10]. However, ovarian function 
suppression may also be beneficial since it may reduce the 
risk of breast cancer recurrence in patients with hormone-
receptor positive breast cancer [11, 12, 13].

In this respect, it is important to realize that in 
literature premature ovarian function failure is frequently 
referred to as ‘chemotherapy-induced amenorrhea’, 
thereby being a clinical diagnosis. Since amenorrhea is a 
poor surrogate for ovarian function, we are one of the first 
to analyze follicle-stimulating hormone (FSH) and 17-
beta estradiol (estradiol) blood levels during follow-up. 
Therefore we use ‘chemotherapy-induced ovarian function 
failure (COFF)’ as definition. To avoid misunderstanding 
we only use ‘chemotherapy-induced amenorrhea’ in our 
paper when referring to the literature, because most of 
the literature did not take changes of hormonal levels into 
account.

The aim of this retrospective study was to evaluate 
the incidence of COFF and the rate of recovery from 
COFF in a cohort of premenopausal and perimenopausal 
women with hormone-receptor positive early stage 
breast cancer, treated with adjuvant anthracycline-based 
chemotherapy with or without taxanes.

RESULTS

Patient characteristics 

We  identified  148  premenopausal  patients  with 
early stage hormone-receptor positive breast cancer, who 
did not undergo ovarian ablation or immediate treatment 
with gonadotropin-releasing hormone (GnRH). In  
6 patients, hormone levels were not measured at follow-
up. 21 patients were considered unable to be evaluated for 
the study end points, because of follow-up with FSH and 
estradiol levels < 2 years. Another 6 patients, developed 
metastatic disease during 2-year follow-up. Therefore,  
115 patients were eligible for the study. 

The majority of patients were 40 years or older 
(78.3%). Patients who developed OFR after COFF had 
a mean age of 37.5 (SD 6.0) years at time of diagnosis. 
Patients who did not develop OFR had a mean age of 47.4 
(SD 3.9) years at time of diagnosis. Delivered chemotherapy 
consisted of six cycles of FEC100  (5-fluorouracil, 
epirubicin, cyclophosphamide; n = 19, 16.5%), 4–4 cycles 
AC-T (4 cycles of adriamycine and cyclophosphamide 

followed by 4 cycles of docetaxel; n = 3, 2.6%) or six 
cycles TAC (combination of docetaxel, adriamycine 
and cyclophosphamide; n = 93, 80.9%). All but six of  
115 patients with a hormone-receptor positive tumor 
received adjuvant endocrine therapy, of whom 99 started 
with tamoxifen and 10 with aromatase inhibitor immediately 
after chemotherapy. The median number of FSH/estradiol 
measurements was 4 (range 1–8). 

In 73.5% of the patients with COFF, premenopausal 
hormone  levels  were  the  first  evidence  of  OFR  
(Table 1). In the remaining 26.4%, resumption of menses 
was  the  first  sign  of  OFR;  in  all  except  one  of  these 
patients, FSH and estradiol levels were used to confirm the 
OFR after COFF. The second-last FSH and estradiol levels 
of patients who had OFR after COFF were still clearly in 
postmenopausal range.

Occurrence of COFF

COFF was initially present in 113 (98.3%) of 115 
assessable patients; that is, in all (n = 90) patients of  
≥ 40 years versus in 23 of 25 (92.0%) of patients < 40 years 
of age (P = < 0.001). At a minimum follow-up of two years, 
the ovarian function of 34 of 113 women had recovered. At 
a follow-up of 2 years, 8.7% of the patients < 40 years and 
85.6% of the patients ≥ 40 years still had COFF. 

Incidence of and parameters associated with 
OFR after COFF

A multivariate logistic regression model was used to 
analyze the impact of age, family history, chemotherapy, 
and endocrine therapy on COFF. The results demonstrated 
that younger age was independently related to an increased 
risk of OFR after COFF, with a hazard ratio (HR) of 12.26 
(95% CI 5.21–28.86, P = < 0.001) (Table 2). The other 
factors, family history, type of chemotherapy and of 
endocrine therapy were not significantly related with OFR.

Time to recovery of ovarian function

Of the women, whose ovarian function after COFF 
had recovered after a minimum follow-up of 2 years 
(n = 34), 59.4% recovered within one year after start 
chemotherapy (Figure 1). Of patients < 40 years of age: 
8.7% had no recovery of ovarian function after COFF  
2 years after chemotherapy. Of patients ≥ 40 years of age: 
85.6% had no recovery of ovarian function after COFF  
2 years after chemotherapy (Figure 1). 

FSH and estradiol levels during follow-up

In patients who after two years still had COFF, the 
initially highly increased FSH levels rapidly declined 
during treatment with tamoxifen, whereas in patients 
receiving aromatase inhibitors FSH levels continued to be 
high (Figure 2A and 2B).
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When ovarian function recovered after initial COFF, 
both FSH and estradiol levels normalized rapidly to 
premenopausal levels at the same time (Figure 2C and 2D).

DISCUSSION

We performed a single-institution chart review 
to determine the rate of premature menopause in young 
patients with hormone-receptor positive breast cancer 
largely treated with third-generation (neo-) adjuvant 
chemotherapy. Of note, in contrast to other studies, we 
did not only record occurrence of amenorrhea, but we 
also monitored ovarian function by regularly measuring 
FSH and estradiol levels. We observed, that both young 
and older premenopausal breast cancer patients were 
frequently confronted with the occurrence of COFF 
(97.7%). However, in the majority of young women, 
ovarian function recovered in the months-few years 
thereafter. Two years after start of chemotherapy, COFF 
was significantly more often present in women ≥ 40 years  
(85.6%) as compared to women < 40 years (8.7%). 
Younger age was independently related to an increased 

risk of OFR after COFF with a HR of 12.26 (95% CI  
5.21–28.86). Moreover, we noticed that in half of patients, 
premenopausal  hormone  levels  were  the  first  or  only 
evidence of OFR.

In literature, the incidence of chemotherapy-induced 
amenorrhea ranges from 16–85% in women younger than 
40 years old compared to 60–98% in older premenopausal 
women [2, 3, 4, 5]. These wide ranges might be 
explained  due  to  the  heterogeneity  of  the  definitions 
and follow-up duration, which varies in literature from 
absence of menstruation for 6 months to 12 months 
after chemotherapy [2, 3, 4, 5, 14]. More importantly, 
previous studies on chemotherapy-induced amenorrhea 
only considered presence or absence of menstrual cycles  
[2–5, 7, 9, 11, 14–18]. We showed, however, that in nearly 
one third of patients amenorrhea was still present despite 
OFR as documented by rise in estradiol levels. Hence, a 
clinical definition of chemotherapy-induced menopause 
solely based on absence of menstrual cycles may hugely 
overestimate permanent ovarian function suppression. 
Another explanation for these wide ranges is the different 
regimens of chemotherapy used as treatment. The kind of 

Table 2: Univariate and multivariate analysis of associations between prognostic factors of OFR 
after COFF and COFF two years after chemotherapy

Patient characteristics OFR after 
COFF

COFF two years after 
chemotherapy Univariate analysis Multivariate analysis

N N Hazard ratio 95% CI Hazard ratio 95% CI

Age < 40 years 21 2 11.83 5.77–24.27 12.26 5.21–28.86

≥ 40 years 13 77

Family history Positive 10 29 0.73 0.35–1.52 0.57 0.26 – 1.26

Negative 24 50

Taxane-based chemotherapy Yes 32 64 3.14 0.75–13.12 1.06 0.22–5.02

No 2 15

Endocrine therapy

 Tamoxifen only Yes 29 47 1 (Ref) 1 (Ref)

No 5 32

 Aromatase inhibitor only Yes 2 10 9.27 1.26–68.07 3.16 0.38–26.20

No 32 69

 Sequential Yes 1 20 3.65 0.33–40.03 3.17 0.29–35.24

No 33 59

COFF = Chemotherapy-induced ovarian function failure. OFR = Ovarian function recovery. CI = Confidence interval.

Table 1:  Evidence for OFR in patients with OFR after COFF
No. (total 34) %

Premenopausal hormone levels first, later menses 8 23.5

Premenopausal hormone levels only, no menses 17 50

Menses first, confirmed by hormone levels 8 23.5

Menses only, no hormone levels (not measured) 1 2.9
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regimen used is a predictive factor for the development 
of chemotherapy-induced amenorrhea; especially 
cyclophosphamide-containing chemotherapy is associated 
with chemotherapy-induced amenorrhea [2, 3, 17]. 

The strongest predictor for experiencing COFF 
two years after chemotherapy is older age (≥ 40 years). 
Remarkable in our series was that in another 8% of all 
patients with OFR after COFF, the ovarian function still 
recovered after two years. In the patients with OFR after 
COFF, the second-last FSH and estradiol levels were still 
clearly in postmenopausal range, so recovery of ovarian 
function  can  discretely  appear within  the  five  years  of 
endocrine treatment. This is a dangerous phenomenon, 
as it potentially reduces anticancer activity and even 
pregnancy can occur, especially in patients receiving 
aromatase inhibition [19, 20].

Another remarkable observation was the trend 
shown  in  the  figures  displaying  levels  of  FSH  during 
COFF. The steep decline of FSH levels caused by 
tamoxifen (Figure 2A and 2C) was already described in 
literature [21, 22, 23]. The hypothesis for this reduction 
are estrogen-like actions of tamoxifen on gonadotropin 
secretion. This induces an increased negative feedback on 
the hypothalamic-ovarian axis and decreases FSH levels 
resulting in suppression of the ovaries [4, 18, 22]. This is 
also hypothesized by large studies to explain the increased 

incidence of chemotherapy-induced amenorrhea seen in 
patients treated with tamoxifen [2, 11, 14]. Our series 
also showed an effect of treatment with tamoxifen on the 
incidence of COFF. 

We noticed that hormone levels abruptly changed 
to premenopausal levels when the ovarian function 
recovered. Therefore, FSH and estradiol are better 
markers to diagnose OFR than to predict recovery of 
ovarian function. A possible explanation could be that the 
hypothalamic-ovarian axis recovers and may maintain 
itself as soon as one follicle is able to fully mature. 
Although FSH can be used as a marker to diagnose OFR, 
physicians should be cautious with interpreting FSH 
levels alone [23]. Our study shows that tamoxifen can 
decrease FSH levels to very low levels (levels that can 
also be seen in premenopausal patients), while estradiol 
levels are still in a postmenopausal state. In these cases it 
is recommended to take the levels of estradiol always into 
consideration before diagnosing OFR.

Aromatase inhibitors promote ovulation in 
premenopausal women with fertility problems [24]. 
Therefore concern rises when premenopausal patients 
with COFF are treated with aromatase inhibitors [25]. Our 
series could not confirm any significant association between 
the rate or time to OFR and any endocrine treatment. The 
most probable explanation is that only few patients were 

Figure 1: Time untill OFR after COFF in premenopausal patients who had recieved (neo)adjuvant chemotherapy. 
COFF = Chemotherapy-induced ovarian function failure. OFR = Ovarian function recovery. Patients < 40 years of age: COFF in 92% 
of whom 8.7% COFF  2  years  after  chemotherapy.  Patients  ≥  40  years  of  age: COFF  in  100%,  of whom 85.6% COFF  2  years  after 
chemotherapy.
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treated with aromatase inhibitors. Henry et al. showed 
in a prospective clinical trial of pre- en perimenopausal 
women ≥ 40 years (range 40–51 years) with biochemically 
confirmed COFF,  that  about  one-quarter  (13  out  of  45) 
of women recovered ovarian function during aromatase 
inhibitors – therapy [26]. Many oncologists prescribe 
aromatase inhibitors treatment to women older than  
40 years who have experienced chemotherapy-induced 
amenorrhea. However, as shown in the current study, 
amenorrhea at the end of chemotherapy is not an accurate 
guide to the underlying ovarian function. Aromatase 
inhibitors are pharmacologically ineffective in women with 
functioning ovaries. They may even promote the recovery 
of ovarian function in younger women, antagonizing the 
anticancer efficacy and therefore aromatase inhibitors are 
contra-indicated in women with functioning ovaries [26]. In 
the Austrian Breast and Colorectal Cancer Study Group–12 
(ABCSG-12) trial, an unfavorable trend was found for the 

use of anastrozole as compared to tamoxifen in combination 
with ovarian function suppression with respect to overall 
survival [27]. The SOFT trial demonstrated a significant 
improvement in overall survival and a trend to better disease 
free survival in women treated with chemotherapy and with 
tamoxifen combined with ovarian function suppression. 
This effect is highest in young women with a high risk of 
recurrence [12]. Therefore monitoring of ovarian function 
may become extremely important, requiring standardization 
of FSH and estradiol essays. Using the wrong assays has led 
to inaccurate data in some recently published studies [28].

So in general, for young women who have a 
hormone-receptor positive breast cancer, OFR after COFF 
may be unwanted because of reduced effectiveness of 
adjuvant endocrine treatment [12]. But, in young breast 
cancer patients with an unfullfilled disease to have children, 
OFR after COFF can be extremely desirable. Though it 
is important to understand that OFR after COFF is not 

Figure 2: FSH and estradiol levels in patients with OFR after COFF two years after chemotherapy, treated with tamoxifen 
or aromatase inhibitors. COFF = Chemotherapy-induced ovarian function failure. OFR = Ovarian function recovery. FSH = Follicle 
stimulating hormone. Panel A shows that the initially highly increased FSH levels rapidly declined during treatment with tamoxifen, whereas 
Panel B shows that in patients receiving aromatase inhibitors FSH levels continued to be high. Further, it is shown that when the ovarian 
function recovered after initial COFF in patients treated with tamoxifen, both FSH (Panel C) and estradiol levels (Panel D) rapidly normalized to 
premenopausal levels at the same time.
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directly equal to fertility, our findings of a low COFF rate 
two years after chemotherapy may be reassuring for young 
women still having an unfulfilled desire to have children 
[29–31]. A Swedish study showed that most cancer 
survivors who had a pretreatment desire for children, 
still wanted children 3–7 years after treatment [32].  
In a US study, the majority of women concerned about 
fertility at cancer diagnosis did not make use of fertility 
preservation techniques [29]. Recently another US study 
showed that patient satisfaction improved with information 
received about fertility, demonstrating the potential for 
fertility programs in cancer centers [33]. A meta-analysis 
and two recent randomized controlled trials showed 
that temporary ovarian function suppression induced by 
gonadotropin-releasing hormone (GnRH) agonists during 
chemotherapy may reduce the risk of chemotherapy-
induced amenorrhea [34, 35, 36]. However, interpretation 
is complicated because the definition of ovarian function 
failure varied among the trials, many data were missing, 
first-generation  chemotherapy  regimens were  used  and 
patients  ≥  40  years  were  included.  More  importantly, 
considering the low 2-year COFF rate if below 40 years 
at breast cancer diagnosis, one may also question whether 
use of GnRH agonists is of clinical relevance. The use of 
GnRH agonists to retain fertility may be more limited. 
Only 3% of patients with ER-positive tumors and 
only 14% of those with ER-negative tumors carried a 
pregnancy to term.

Limitations of this study are inherent to its 
retrospective design. Biases and inaccuracies may occur 
as a result of the reliance on the interpretations of different 
physicians and integrity of information in the medical 
records. Some patients (< 40 years), for example, received 
preventive GnRH-agonists or oophorectomies, even 
though they experienced COFF. Therefore these patients 
were excluded, which reduced the population of younger 
women in our study. Moreover, in our study the follow-
up duration was still relatively short. This implies that the 
number of patients with OFR may increase even further 
over time.

We conclude that a younger age (< 40 years) was 
significantly associated with a higher rate of OFR after 
COFF. This seems reassuring for those with a desire to 
have children. As in a significant proportion of patients 
FSH  and  estradiol  levels  were  the  first  sign  of  OFR, 
close monitoring of ovarian function is required if 
ovarian function suppression is considered an additional 
effective endocrine treatment. In clinical practice we 
suggest to routinely check FSH and estradiol levels in 
patients experiencing COFF for at least 5 years, because 
in at least 8% of the patients with OFR after COFF, the 
ovarian function recovered even after two years. We 
recommend not to use aromatase inhibitors as single 
endocrine treatment in young patients with COFF. The 
results from our observational study can be used to inform 
young breast cancer patients (< 40 years) about the risks 

of COFF. To avoid incongruent definitions we strongly 
argue to use only one definition for chemotherapy-induced 
ovarian function failure (COFF) based on serial FSH and 
estradiol levels in future trials.

MATERIALS AND METHODS

Study design

This study is a retrospective cohort study. We 
retrieved data on patient and tumor characteristics and on 
delivered systemic treatment from the medical records of 
patients < 55 years. We collected the available information 
on menstrual cycle and on the levels of FSH and estradiol 
during the follow-up outpatient visits. In our hospital, 
the policy for patients with COFF and hormone-receptor 
positive breast cancer is to routinely monitor ovarian 
function by 3-monthly FSH and estradiol blood levels. 
Serum estradiol is measured by a direct immunoassay 
with high sensitivity in the lower ranges. Because of the 
retrospective design of our study, the study did not fall 
under the scope of the act of medical scientific research 
and did not have to be reviewed by an accredited research 
ethics committee.

Patients

All pre- and perimenopausal women with hormone-
receptor positive stage I–III breast cancer who received 
(neo-) adjuvant chemotherapy in the Maastricht University 
Medical Centre between 2005–2013 were included. 
Exclusion criteria were hormone-receptor negative breast 
cancer, a follow-up with FSH and estradiol blood levels of 
less than 24 months, no monitoring of ovarian functioning, 
metastatic disease at diagnosis or during 2-year follow-
up, a medical history of other malignancies and previous 
treatment with chemotherapy. Also patients who have 
had a (prophylactic) surgical ovarian ablation or who 
received gonadotropin-releasing hormone (GnRH) agonist 
immediately after the end of chemotherapy were excluded. 

Definitions

Premenopausal status was defined as having regular 
menses in the last year before the start of (neo-) adjuvant 
chemotherapy.  Perimenopausal  status  was  defined  as 
having irregular menses and at least one menstrual cycle 
within six months before the start of the chemotherapy. 
Patients who have had hysterectomy without bilateral 
oophorectomy were eligible for inclusion only if serum 
estradiol and FSH were consistent with pre-menopausal 
status within 3 months before chemotherapy initiation. 
Patients < 55 years using oral contraceptives at diagnosis 
were classified as premenopausal.

To  meet  the  definition  of  COFF,  postmenopausal 
ovarian function according to our institutional standards 
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(FSH > 21.9 mIU/ml and estradiol < 0.11 nmol/l) had to be 
present after chemotherapy. When we could not establish 
the exact date of the last menstruation during chemotherapy, 
the date of the second chemotherapy cycle was used. 

We  defined  recovery  of  ovarian  function  as 
resumption of menses or when levels of biochemical 
markers did not correlate anymore with the levels seen 
in a postmenopausal state according to our institutional 
standards (FSH > 21.9 mIU/ml and estradiol < 0.11 
nmol/l) after previously confirmed COFF.

Study endpoints

The primary aim of our study was to determine 
the rate of OFR after COFF in pre- and perimenopausal 
women with hormone-receptor positive breast cancer, 
2 years after having started anthracycline-based (neo-)
adjuvant chemotherapy with or without taxanes in a 
real-life setting. Secondary aims were to assess possible 
associations between rate of OFR and age or other factors, 
time to OFR and levels of FSH and estradiol in patients 
receiving tamoxifen or aromatase inhibitors.

Statistical analysis

All statistical analyses were performed with SPSS 
22.0. The time and rate of resuming ovarian function was 
estimated with the Kaplan-Meier method, comparing the 
curves with a log rank test. A multivariate Cox analysis 
was used to assess the independent impact of the relevant 
variables on predicting the incidence of COFF and OFR. 
These variables included age, family history, taxane-based 
chemotherapy and endocrine therapy. In all statistical 
analyses a P-value of < 0.05 was considered as statistically 
significant. 
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