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Abstract

Background For premenopausal women with breast can-

cer, information on the effects of chemotherapy and the

risk of infertility is important. In this study, the effect of

chemotherapy on the ovarian function in premenopausal

women with hormone receptor-positive breast cancer was

investigated, with an age-stratified analysis of the appear-

ance of amenorrhea and the resumption of menstruation

after the use of chemotherapy with anthracyclines or

taxanes.

Patients and methods Premenopausal women diagnosed

with operable Stage I–III hormone receptor-positive breast

cancer and underwent neoadjuvant or adjuvant

chemotherapy with the standard regimen of anthracyclines

and/or taxanes were included. The patients were classified

into age groups in 5-year increments, and the rates of

chemotherapy-induced amenorrhea (CIA), resumption of

menstruation, and duration of CIA after chemotherapy

were analyzed.

Results The subjects consisted of 101 patients (median age

45 years). CIA occurred in 97 (96%) patients and 40

patients resumed menstruation. In all patients aged

B39 years menstruation restarted, whereas in all patients

aged C50 years, menstruation did not restart. For the

patients who resumed menstruation, the younger the

patients, the sooner menstruation tended to restart. The

resumption of menstruation occurred within 1 year for

younger patients aged around 30 years, but for those aged

C35 years, 60% of cases took around 2–3 years for

resumption.

Conclusions The incidence of CIA, the resumption of

menstruation and duration of CIA after chemotherapy

depend greatly on the patient’s age.

Keywords Breast cancer � Chemotherapy-induced

amenorrhea � Premenopausal women � Hormone receptor �
Resumption of menstruation

Introduction

The majority of women diagnosed with early stage inva-

sive breast cancer are candidates to receive systemic

treatments to reduce the risk of recurrence and improve the

prognosis [1]. Endocrine therapy is the most important

therapeutic strategy for hormone receptor (HR)-positive

breast cancer. However, even for patients with HR-positive

breast cancer, chemotherapy is recommended when they

are at high risk of recurrence [1]. Chemotherapy may cause

various side effects, including chemotherapy-induced

amenorrhea (CIA) and premature ovarian failure [2]. Pro-

longed ovarian failure and early menopause induce various

adverse effects for women, such as hot flashes, depressive

status, cardiovascular diseases, and osteoporosis [3]. For

young women with breast cancer in particular, CIA and

premature ovarian failure are a great concern, as these may

cause infertility. The guidelines issued by the American

Society of Clinical Oncology (ASCO) in 2013 indicate the

risk levels for amenorrhea for different chemotherapy

regimens and recommends that patients be asked whether
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or not they want children and be fully informed of the risk

of infertility before undergoing chemotherapy [4].

Some previous studies have shown that premenopausal

women in whom CIA developed had significantly better

prognoses than women without CIA, particularly those

whose tumors were estrogen receptor (ER)-positive [5, 6];

however, other studies showed no survival impact (review

by Walshe et al.) [2]. The risk for CIA is associated with

the patient’s age and the chemotherapeutic agents used,

with age[40 years being the strongest predictor of ovarian

failure. Use of tamoxifen (TAM) after chemotherapy

induces a higher rate of prolonged CIA [2, 7, 8]. The effect

of chemotherapy on the ovarian function must therefore be

considered on an individual basis.

Information provided by an analysis of the effect of age

would be particularly useful; however, there are few

reports regarding the relationships between age and CIA

and the resumption of menstruation for Japanese women

with early breast cancer. For Japanese women, Okanami

et al. reported that 48 of 66 patients (87.9%) experienced

amenorrhea during chemotherapy, and 14 patients (21.2%)

had persistent amenorrhea after chemotherapy [9]. The

incidence and persistence of amenorrhea was higher in the

patients older than 36 years of age [9].

In the preset study, we investigated the incidence of CIA

and the resumption ofmenstruation in premenopausal women

with HR-positive breast cancer according to their age.

Patients and methods

Patient population

The study subjects were premenopausal women diagnosed

with Stage I–III HR-positive breast cancer who were

treated with neoadjuvant or adjuvant chemotherapy in the

Department of Breast Oncology, National Hospital Orga-

nization Kyushu Cancer Center between 2004 and 2009.

Chemotherapy was administered according to the standard

regimen of anthracyclines and/or taxanes. The clinical data

were obtained from the patients’ medical records. The

AJCC/UICC TNM classification and stage groupings were

used.

Women who became amenorrheic during or after

chemotherapy were defined as having developed CIA. In

this study, CIA was defined as disappearing the periodical

menstruation, not prolonged menstruation. If menstruation

was not disappeared at the time of the last chemotherapy, it

was defined as ‘‘No CIA’’. When the menstruation was

appeared periodically again, the state was defined as ‘‘a

resumption of menstruation’’. If menstruation had not

restarted after 4 years’ follow-up, it was defined as ‘‘No

resumption of menstruation’’. Between 2004 and 2009, 229

premenopausal women with HR-positive breast cancer

received neoadjuvant or adjuvant chemotherapy, and

among them, the menstruation status after chemotherapy

was confirmed in 114 patients. 30 patients were recurred

and 24 of them were recurred within four years. Patients

who received endocrine therapy with luteinizing hormone-

releasing hormone agonist (LH-RHa) after chemotherapy

were excluded. Patients in whom breast cancer recurred

within four years after the completion of chemotherapy and

who had not resumed menstruation at the time of recur-

rence were also excluded on the grounds of the possibility

that their subsequent treatment might have affected the

restoration of ovarian function. A total of 101 pre-

menopausal women with HR-positive breast cancer were

ultimately included in this study. All patients received

20 mg/day of TAM after completing chemotherapy. When

menstruation was resumed after CIA, LH-RHa was added

to TAM after discussing about the benefit of its sequential

use in some patients. Patients were classified into age

groups in 5-year increments (B29, 30–34, 35–39, 40–44,

45–49, and C50 years), and the rates of CIA and resump-

tion of menstruation after chemotherapy were analyzed.

Chemotherapy regimen

The chemotherapy regimen used comprised an anthracycline

[5-FU ? epirubicin ? cyclophosphamide (FEC)/epiru-

bicin ? cyclophosphamide (EC)/adriamycin ? cyclophos-

phamide (AC)] followed by a taxane [docetaxel (DTX) or

paclitaxel (PTX)], anthracycline (FEC/EC) alone, or DTX

and cyclophosphamide (TC). The doses of each agent in each

regimen were as follows: FEC, 500/100/500 mg/m2; EC,

75/600 mg/m2; AC, 60/600 mg/m2; DTX, 75 mg/m2; PTX,

80 mg/m2 (weekly); and TC, 75/600 mg/m2.

Statistical analyses

The statistical analyses were performed using the JMP

software package, version 9.0.2 (SAS Institute Inc., Cary,

NC, USA). The associations between the duration of the

chemotherapy and menstruation status was assessed using

v2 tests. Differences were considered to be significant at

p B 0.05.

Results

Chemotherapy-induced amenorrhea (CIA),

menopause, and resumption of menstruation

A median age of the 101 patients was 45 years (range

19–55 years), with 3 aged B29 years, 5 aged 30–34 years,

12 aged 35–39 years, 29 aged 40–44 years, 32 aged
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45–49 years, and 20 aged C50 years. Table 1 shows the

clinicopathological characteristics of the patients and the

regimens used in each age group.

Table 2 shows the rates of CIA and subsequent

resumption of menstruation in each age group. CIA

occurred in 97 (96%) patients, and 40 patients resumed

menstruation. One of the 3 (33.3%) patients aged

B29 years, 2/5 (40%) of those aged 30–34 years, and 1/12

(3.4%) of those aged 40–44 years did not develop CIA

(‘‘No CIA’’) despite of the chemotherapy. These four

patients were given LH-RHa from the beginning of the

endocrine therapy with TAM. For other 94 patients with

CIA, endocrine therapy was started with TAM alone. In 41

of the 94 patients, their menstruation was resumed peri-

odically and 13 of 41 patients were given LH-RHa

sequentially. In 11 (38.1%) of those aged 40–44 years, 26

(81.3%) of those aged 45–49 years, and in all of those aged

C50 years, menstruation was not resumed within 4 years

after completing chemotherapy (‘‘No resumption of

menstruation’’).

Duration to the resumption of menstruation

In all of the patients aged B39 years, menstruation was

resumed; within 1 year for patients aged B29 years, within

2 years for those aged 30–34 years, and within 3 years for

those aged 34–39 years. Focusing on those patients who

did resume menstruation, the median time until it restarted

was 2 months for patients aged B29 years, 5 months for

those aged 30–34 years, 18 months for those aged

35–39 years, 16.5 months for those aged 40–44 years, and

27.5 months for those aged 45–49 years (Table 2). The

younger the patient, the sooner menstruation tended to

restart after the completion of chemotherapy.

Figure 1 shows the cumulative rate of resumption of

menstruation in each age group. In the younger groups,

menstruation tended to restart sooner after the completion

of chemotherapy. In the older groups, menstruation tended

to resume later, if it resumed at all, and a higher proportion

of women underwent menopause. All of those aged

C50 years underwent menopause without having restarted

Table 1 Clinicopathological

features according to each age

group

Factors Age Age Age Age Age Age

B29 years 30–34 years 35–39 years 40–44 years 45–49 years C50 years

(n = 3) (n = 5) (n = 12) (n = 29) (n = 32) (n = 20)

T factor

1 1 0 4 10 10 5

2 1 5 7 16 18 12

3– 1 0 1 3 4 3

Lymph node metastasis

Negative 3 1 7 21 22 14

Positive 0 4 5 8 10 6

Grade

1 0 0 1 23 2 0

2 2 1 7 5 12 14

3 1 1 2 1 4 3

Unknown 0 3 2 0 14 3

Hormone receptor

ER?/PgR? 2 5 9 20 25 14

ER?/PgR- 1 0 21 4 3 4

ER-/PgR? 0 0 1 5 4 2

HER2

Negative 2 3 11 24 24 15

Positive 1 2 1 3 5 1

Unknown 0 0 0 2 3 4

Regimens of the chemotherapy

AC/EC/FEC 2 0 1 5 6 4

AC/EC/FEC

?DTX or PTX

1 5 10 24 24 16

TC 0 0 1 0 2 0

ER Estrogen receotor, PgR progesterone receptor, A adriamycin, E epirubicin, C cycrophosphamide, F 5-

FU, DTX docetaxcel, PTX paclitaxcel, TC docetaxcel ? cycrophosphamide
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menstruation. Thus, the length of the time to the resump-

tion of menstruation highly depended on the patient’s age.

Relation between duration of the chemotherapy

and menstruation status

Table 3 shows the relationships between the duration of

chemotherapy and menstruation status. The regimen of

FEC/EC alone or TC takes 12 weeks, and the regimens of

FEC/EC/AC followed by taxane (DTX or PTX) take

24 weeks. There was no statistical difference between

12 week and 24 week regimen groups in the age, the rate

of CIA and the resumption of the menstruation, and the

CIA duration (Table 3). In terms of the relationships

between the chemotherapeutic regimens or the accumula-

tive dose of cyclophosphamide and the CIA status, there

was no statistical difference (data not shown).

Discussion

To our knowledge, this is the first report of the incidence of

CIA and the resumption of menstruation after neoadjuvant

or adjuvant chemotherapy, using current standard regimens

composed of anthracyclines and/or taxanes, according to

age groups in Japanese patients with HR-positive early

breast cancer.

Amenorrhea is commonly induced among pre-

menopausal women who receive neoadjuvant or adjuvantT
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Fig. 1 Cumulative rate of the resumption of menstruation after CIA

in each age group. The effect of age on the time to the resumption of

menstruation in patients who developed CIA in each age group. In the

younger groups, menstruation tended to restart sooner after the

completion of chemotherapy. The rate of resumption of menstruation

declined in the older age groups
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chemotherapy for early breast cancer. The definitions of

amenorrhea vary among studies, from one missed period to

a continuous lack of menses for more than 1 year [2]. We

employed the definition of amenorrhea as at least one

missed period during or after chemotherapy. Histologi-

cally, chemotherapy-induced ovarian dysfunction is

believed to resemble the changes in the ovaries that occur

due to aging, and the administration of anticancer agents

decreases the number of stored ovarian follicles and causes

ovarian follicular necrosis, the closure of primordial folli-

cles, vascular insufficiency, and interstitial fibrosis, among

other effects [7, 10]. The patients may experience tempo-

rary amenorrhea followed by the recovery of the ovarian

function and the resumption of menstruation, or may enter

menopause without resumption of menstruation.

Age is one of the greatest factors influencing CIA and

resumption of menstruation after chemotherapy

[2, 7, 8, 11–13]. In this study, the rate of resumption of

menstruation also declined in older age groups. All patients

aged B39 years resumed menstruation, compared with

only 40% of those aged C40 years, whereas all patients

aged C50 years underwent menopause without restarting

menstruation. In terms of the length of time before men-

struation restarted for those patients who resumed men-

struation, more time was necessary in the older age group.

Menstruation restarted within 1 year for younger patients

aged around 30 years, but for those aged C35 years,

resumption took around 2–3 years in 60% of cases.

The risk for CIA is associated with the chemotherapeutic

agents used [2, 7, 8]. The accumulative dose of cyclophos-

phamide (CPA) is the well-known factor related to CIA and

the classical CMF (CPA, methotrexate and 5-FU) is the rep-

resentative regimen, which induce CIA. However, the total

dose ofCPAused for the patients of this study is lower than the

classical CMF. In this study, therewas no statistical difference

between 12 week- and 24 week- regimen groups or among

the chemotherapeutic regimens in the rate of resumptionof the

menstruation and the average of CIA duration.

The recommended endocrine therapy for premenopausal

HR-positive breast cancer is TAM. As yet, however, there

is no unified consensus on matters such as whether LH-

RHa should be used as adjuvant endocrine therapy for all

premenopausal HR-positive breast cancer patients. Previ-

ous clinical trials suggested the utility of ovarian function

suppression using LH-RHas with TAM for the pre-

menopausal patients with node-positive ER-positive breast

cancer [14]. More recently, two trials investigating the

addition of ovarian suppression to TAM did not show an

overall clinical benefit for ovarian suppression by LH-

RHas [15, 16]. Nonetheless, the addition of an LH-RHa to

standard adjuvant therapy with TAM or aromatase inhi-

bitor improved disease-free survival and improved freedom

from breast cancer and distant recurrence compared with

TAM alone among the subset of patients who were at

sufficient risk for recurrence. Thus, the ASCO Panel rec-

ommends that high-risk patients receive ovarian suppres-

sion in addition to adjuvant endocrine therapy [17]. Based

on the results in the present study, until around 40 years of

age, almost all patients resume menstruation, most within

1–2 years, and the combined use of an LHRHa may thus be

highly effective. On the other hand, beyond 45 years age,

over 80% of patients undergo menopause, and even if they

do restart menstruation, this is only after more than

2–3 years, meaning that LH-RHas are extremely unlikely

to be effective.

For breast cancer patients who want to have children,

restoring the ovarian function after chemotherapy is a very

important issue. As is evident from the present results, the

recovery of the ovarian function after chemotherapy

depends greatly on the patient’s age. However, when pro-

viding information regarding fertility, it is important to

take into account that fertility naturally declines between

the ages of 35 and 40 years, making it more difficult to

become pregnant [18]. In addition, it must not be forgotten

that ensuring the health of the mother—that is, the breast

cancer patient herself—is a necessary prerequisite for

bearing and raising children. Post-chemotherapy fertility

problems require insights from a number of different dis-

ciplines encompassing reproductive medicine, obstetrics

and gynecology, and pediatrics, and both the cross-

Table 3 Relationships between

chemotherapeutic duration and

menstruation status

Factors Duration of chemotherapy p value

12 weeks (n = 23) 24 weeks (n = 78)

Age (year old) (mean ± SE) 43.2 ± 1.3 44.2 ± 0.7 0.5209

Menstruation status

No CIA 2 (8.7) 2 (2.6) 0.3821

Resumption of menstruation 10 (43.5) 30 (38.5)

No resumption of menstruation 11 (47.8) 46 (59.0)

CIA duration (months) (mean ± SE) 21.4 ± 3.5 17.9 ± 2.0 0.3876

SE Standard error, CIA Chemotherapy-induced amenorrhea
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discipline exchange of information and further studies are

needed.

Several limitations associated with the present study

warrant mention. The number of patients included in this

study is small, and the analysis was retrospective. How-

ever, there are few data of the incidence of CIA in Japanese

breast cancer patients. Although Okanami et al. reported

the incidence of CIA after adjuvant anthracyclin and taxane

in 66 Japanese breast cancer patients, they compared it

using only two age groups [9]. We included more patients

and examined not only the incidence of CIA and premature

menopause, but also the length of the time to recovery of

the mensuration in more detail, which we think is an

advantage of our study.

In conclusion, the incidence of CIA and subsequent

menopause and the length of time until the resumption of

menstruation after current standard adjuvant or neoadju-

vant chemotherapy depend greatly on the patient’s age.

These findings would be useful when providing informa-

tion on the effects of chemotherapy, especially the risk of

ovarian failure and infertility for premenopausal women

with breast cancer.
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