EUROPEAN JOURNAL OF CANCER 43 (2007) 1646-1653

available at www.sciencedirect.com

-
*.’ ScienceDirect

journal homepage: www.ejconline.com

Age of menopause among women who remain
premenopausal following treatment for early breast cancer:
Long-term results from International Breast Cancer Study
Group Trials V and VI

Ann Partridge®?“*, Shari Gelber®, Richard D. Gelber>“%, Monica Castiglione-Gertsch®,
Aron Goldhirsch’9, Eric Winer®?<

@Dana-Farber Cancer Institute, Boston, MA, United States

bBrigham and Women’s Hospital, Boston, MA, United States
“Harvard Medical School, Boston, MA, United States

dHarvard School of Public Health, Boston, MA, United States
®IBCSG Coordinating Center, Bern, Switzerland

fEuropean Institute of Oncology, Milan, Italy

€0ncology Institute of Southern Switzerland, Bellinzona, Switzerland

ARTICLE INFO ABSTRACT
Article history: Background: The likelihood of premature menopause has not been thoroughly explored in
Received 4 January 2007 women who remain premenopausal after adjuvant chemotherapy for breast cancer.
Received in revised form 30 March Methods: We used data from the International Breast Cancer Study Group (IBCSG) Trials V
2007 and VI. Trial V enrolled 1407 eligible premenopausal women randomised to no systemic
Accepted 2 April 2007 therapy (No CT) or 1 cycle of perioperative CMF-based chemotherapy (PeCT) if node nega-
Available online 18 May 2007 tive, and 6 cycles of CMF-based chemotherapy postoperatively (CMF x 6) or 1 cycle periop-
erative CMF-based chemotherapy plus CMF x 6 postoperatively (CMF x 7) if node positive.
Keywords: From Trial VI (a 2 x 2 factorial designed study of 3 versus 6 initial cycles of CMF and a rein-
Breast cancer troduction of three additional courses of CMF), we included 375 women randomised to
Young women receive only six initial cycles of CMF (CMF x 6).
Premature menopause Findings: We excluded women who reported no menses during 12-24 months after ran-
Fertility domisation (N = 934), hysterectomy (N = 16) or bilateral oophorectomy (N = 8), or missing

menses data (N =57), creating a cohort of 767 women; 540 women had been randomised
to PeCT or no CT, 227 randomised to CMF x6 or 7. A Cox proportional hazards model
revealed that CMF x6 or 7 (HR=2.03, p<0.0001) and temporary amenorrhea (HR=1.96,
p < 0.0001) were associated with premature menopause.
Interpretation: Women who remain premenopausal after 6 or 7 cycles of CMF-based chemo-
therapy have a higher likelihood of going through menopause at an earlier age than women
who received little or no chemotherapy. Temporary cessation of menses appears to be a
marker for earlier onset of menopause. These findings may assist women and clinicians
when making treatment and reproductive decisions after a diagnosis of breast cancer.
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1. Introduction

Chemotherapy-related amenorrhea (CRA) is a common con-
sequence of adjuvant chemotherapy in premenopausal wo-
men with breast cancer.” Risk of CRA is related to patient
age and treatment regimen, and CRA may be temporary or
permanent, resulting in menopause. Many younger premeno-
pausal women with breast cancer either menstruate through
cytotoxic treatment or resume menstrual cycling after treat-
ment, whereas older premenopausal women are more likely
to develop permanent amenorrhea. However, women who
continue to menstruate following chemotherapy may ulti-
mately experience menopause earlier than they would have
had they not received chemotherapy.

While many young women will remain premenopausal
after breast cancer, the duration of premenopausal status
and their associated fertility may be shortened by premature
menopause.* Among survivors of paediatric malignancies,
three studies have found a significantly increased risk of pre-
mature menopause among childhood cancer survivors who
initially remained premenopausal after treatment compared
to age-matched controls.>” There are reports of adult breast
cancer survivors who continue menstrual cycling after che-
motherapy, entering menopause seemingly prematurely, in
their late 30s and early 40s.>® However, sample size or fol-
low-up has been limited.

To date, the likelihood and timing of delayed, but never-
theless premature, menopause following chemotherapy has
not been thoroughly explored in any adult cancer survivor
population. Many young women with breast cancer are inter-
ested in their risk of infertility and early menopause following
treatment.’ Information regarding the likelihood of prema-
ture menopause for premenopausal cancer survivors would
facilitate family planning for some survivors. In addition, pre-
mature menopause may increase a woman'’s risk of a variety
of future adverse health effects including menopausal symp-
toms, sexual dysfunction and osteoporosis.°

We sought to evaluate the age of menopause among wo-
men who initially remained premenopausal after treatment
for early breast cancer using long-term follow-up data from
IBCSG Trials V and VI, two randomised clinical studies. We
evaluated the age of menopause among women randomised
to receive little or no chemotherapy compared to women
who received 6 or 7 cycles of chemotherapy.

2. Patients and methods

2.1. Study cohort

We used data from International Breast Cancer Study Group
(IBCSG) Trials Vand VI, including long-term follow-up menses
information.*™*3 Trial V randomised 1407 eligible pre- or peri-
menopausal women from 1981 to 1985. 692 women with
node-negative disease were randomised to receive either no
systemic chemotherapy (no CT) or one perioperative cycle of
CMF (cyclophosphamide 100 mg/m? orally, days 1-14; metho-
trexate 40 mg/m? intravenously, days 1 and 8; 5-Fluorouracil
600 mg/m? intravenously, days 1 and 8) (PeCT). 715 women
with node-positive disease were randomised to receive either

CMF repeatedly every 28 days x 6 postoperatively (CMF x 6), or
1 cycle of CMF perioperatively + CMF x 6 (CMF x 7). Patients
who received perioperative CMF in Trial V (in either the
node-positive or the node-negative group) received leucovorin
15 mg intravenously on day 2 and 15 mg orally on day 9 of the
28-day perioperative cycle. During the CMFx6in Trial V,
7.5 mg of prednisone was orally administered daily through-
out the course of chemotherapy. As of September 2004 the
median follow-up was 19 years. Trial VI recruited 1475 eligible
premenopausal patients during 1986 to 1993 and randomised
them in a 2 x 2 factorial design evaluating both 3 versus 6 ini-
tial cycles of CMF and an additional three delayed cycles of
CME. Patients who were randomised to receive only six initial
cycles of CMF were included in this analysis. Neither daily
oral prednisone nor leucovorin was part of the treatment reg-
imen for Trial VI. As of September 2004 the median follow-up
was 13 years.

The study cohort included only those women who had at
least one report of menses during 12-24 months after enrol-
ment (patients missing this information were excluded),
and had no history of hysterectomy or bilateral oophorec-
tomy. Therefore, this analysis does not represent a random-
ised comparison.

2.2. Data collection

IBCSG collected follow-up menses information for women on
Trials V and VI every 3 months during the first two years of
study, every 6 months during 3-5 years and every year there-
after for the life of the patient. The menses data were re-
corded as normal and regular during that follow-up time
period, irregular and/or scanty, no period or pregnant. For this
analysis, women with normal and regular, or irregular and/or
scanty menses were considered to have continued menses.
Age at menopause was defined as first date of follow-up when
a patient had no reported menses for the prior 12 months and
had not been pregnant or had a hysterectomy or bilateral
oophorectomy during that time period.

2.3. Statistical analyses

The Kaplan-Meier method was used to estimate age at men-
opause censoring at recurrence of breast cancer, new pri-
mary, or death. Competing risk estimates were used to
assess the cumulative incidences of permanent menopause
and recurrence of breast cancer according to chemotherapy
assigned and age group at diagnosis.'* Cox proportional haz-
ards modelling, also censoring at recurrence of breast can-
cer, new primary or death, was used to evaluate factors
associated with age at onset of menopause. Candidate
explanatory variables included age at diagnosis, chemother-
apy assignment (CMF x 6 or 7 versus PeCT or no CT), tempo-
rary amenorrhea, two-way interaction terms for these three
variables and oestrogen receptor status. Estimates of onset
of menopause by age at diagnosis were derived from univar-
iate logistic regression models of women who were alive and
disease free at 5 and 10 years following diagnosis. For all
analyses, patients entered the at-risk set at their enrolment
age.
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3. Results

3.1. Description of the study cohort

Of the 1782 women enrolled on Trials V and VI who were con-
sidered for this analysis, we excluded women who reported
no menses during 12-24 months after randomisation
(N =934), history of hysterectomy (N = 16) or bilateral oopho-
rectomy (N = 8), or were missing 12-24 month menses data
(N =57), creating a cohort of 767 women (see Fig. 1 for Flow
Chart of Patients Included in Study Cohort). Women were in
the following age groups at diagnosis: <30 years (N = 26), 30—
34 years (N =89), 35-39 years (N = 186), 4044 years (N =237)
and 45 and over (N =229). We divided the patients who met
our inclusion criteria into two groups based on the chemo-
therapy treatment: women who received PeCT or no CT and
women who received CMF x 6 or 7. We grouped women who
received 1 cycle of CMF with women who received no chemo-
therapy based on an a priori hypothesis that women who re-
ceived PeCT and remained premenopausal were unlikely to
undergo menopause at substantially different age than if they
had received no chemotherapy. Fig. 2 depicts the age of men-
opause in women who received PeCT or no CT by age at treat-
ment, and demonstrates the similarities between the two
groups.

Table 1 presents the patient and disease characteristics.
Five hundred and forty women had received PeCT or no CT
and 227 had received CMF x 6 or 7. The median age of the
PeCT or no CT group at diagnosis was 42 (range = 22-57) and
of the CMF x 6 or 7 group was 39 (range = 25-54). The women
who received CMF x 6 or 7 were more likely to have oestrogen
receptor-positive disease compared to women in the PeCT or
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Fig. 2 - Percentage of women remaining premenopausal
who received PeCT or no CT by age of treatment.

no CT group (58% versus 44%). The women who received more
chemotherapy also had larger tumours (55% with greater than
2 cm tumours). All women who received CMF x 6 or 7 had
node-positive disease, compared with 23% of women in the
PeCT or no CT group. The incidence of temporary amenorrhea
(defined as any reported missed period during the first 12
months following enrolment, with resumption of menses
during 12-24 months) was 63% among women in the
CMF x 6 or 7 group and 36% in the PeCT or no CT group. The
median age of menopause for women who received PeCT or
no CTwas 50 years (range 34-59) and for women who received
CMF x 6 or 7 it was 45 years (range 34-55).

Using the Kaplan-Meier method, age at menopause was
calculated for four groups based on age at diagnosis (under
40 years or 40 and older) and treatment received (PeCT or no

1782 Women Considered for the Cohort

IBCSG Trial V
Enrolled 692 premenopausal women receiving either PeCT
orno CT
Enrolled 715 women who received CMF x 6 or 7

IBCSG Trial VI
Enrolled 375 premenopausal women who received CMF x 6

1015 Women Excluded

¢ No menses during months 12-24 following
enrollment (n=934)
(post menopausal following treatment; age
and chemo breakdown)

¢ History of hysterectomy and/or bilateral
oophorectomy (n=24)

¢ 12-24 month menses data missing (n=57)

767 Women Included

e 540 women who received PeCT
or No CT

e 227 women who received CMF
x6or7

Fig. 1 - Consort flow chart.
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Table 1 - Patient and disease characteristics

No. CT or CMF x 6 or Total,
PeCT,N (%)  7,N (%) N (%)

Total patients 540 (70) 227 (30) 767
Study

Trial V 540 (100) 132 (58) 672

Trial VI 0 95 (42) 95
Age at enrolment

Median, range 42, 22-57 39, 25-54 41, 22-57
Oestrogen

receptor status

ER+ 239 (44) 132 (58) 371

ER- 206 (38) 73 (32) 279

ER-unk 95 (18) 22 (10) 117
Tumour size

<2 265 (49) 9 (42) 361

>2 234 (43) 124(55) 358

Missing 41 (8) 7 (3) 48
Nodal status

N- 417 (77) 0 417

N+ 123 (23) 227 (100) 350
Temporary amenorrhea

Yes 193 (36) 142 (63) 335

No 347 (64) 85 (37) 432

CT, or CMF x 6 or 7) (see Fig. 3: percentage of women remain-
ing premenopausal by age at treatment and treatment group).
For women in the PeCT or no CT group, the median age of
menopause for women under 40 was 44 years, and for women
40 or older, 50.5 years. Among women assigned to CMF x 6 or
7, the median age of menopause for women diagnosed under
40 was 41 years and for women 40 or older at diagnosis it was
47.5 years. Receiving 6 or 7 cycles of chemotherapy was re-
lated to earlier onset of menopause in both age groups. Wo-
men who were diagnosed under age 40 years who remained
in the analysis entered menopause at earlier ages than
women in the older cohorts, regardless of treatment group.
Similar trends were seen for women with oestrogen recep-
tor-positive disease compared to women with oestrogen
receptor-negative disease, however, numbers within these
subgroups were small.

The percentage of women in menopause at 5 years and 10
years from diagnosis among eligible women in the different
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Fig. 3 - Percentage of women remaining premenopausal by
age at treatment and treatment group.

treatment groups (women who remained premenopausal 24
months after diagnosis and were alive and disease free in fol-
low-up) was evaluated using logistic regression. Table 3 pre-
sents the percentage of women in each age group who were
in menopause at 5 and 10 years from diagnosis by age at diag-
nosis. Women who were randomised to receive CMF x 6 or 7
had a higher likelihood of being in menopause at 5 and 10
years than women who had received PeCT or no CT. For exam-
ple, 91% of women diagnosed at age 35 years and assigned to
CMF x6 or 7 had entered menopause by age 45, compared
with 72% of women in the same age group who were assigned
to receive PeCT or no CT. Risk of premature menopause also
varied with age at diagnosis. For example, 84% of women
who were assigned CMF x 6 or 7 at age 30 were in menopause
by age 40, while 65% of women receiving the same treatment
at age 35 were in menopause by age 40.

A Cox proportional hazards analysis of age at menopause
revealed statistically significant interactions for both age at
diagnosis by treatment assigned (p-value = 0.004) and age at
diagnosis by temporary amenorrhea (p-value =0.0009). The
interaction between treatment assigned and temporary
amenorrhea was not statistically significant. Thus among pa-
tients who had menses two years post diagnosis, women
treated at younger age were more likely to enter menopause
prematurely than women treated at older age. This influence
of age was greater for the women who had been assigned to
CMF x 6 or 7 or had temporary amenorrhea.

We identified two competing risks that differed by age for
the influence on premature menopause. Women 40 years of
age and older were more likely to have become post-meno-
pausal during or immediately following treatment, while
the younger premenopausal women had a higher risk of re-
lapse (see Table 2 and Fig. 3).

Table 2 displays the differences by age at diagnosis and
number of chemotherapy cycles assigned, including the wo-
men who did not remain premenopausal by two years post
diagnosis, and thus did not make it into our cohort. The last
three rows of this table present the women who developed
recurrent breast cancer prior to becoming postmenopausal,
were still menstruating, or had become postmenopausal.
Fig. 4 displays four competing risk curves which illustrate
the differing risks for: (1) entering menopause during or
immediately following treatment, and (2) recurrence of breast
cancer, according to age and treatment regimen. Women in
the study cohort who were 40 years and older at diagnosis
were more likely to become post-menopausal at ages closer
to population norms, indicating very robust ovarian function
among older women who received CMF x 6 or 7 cycles. Fur-
ther, younger women in our cohort who remained premeno-
pausal for longer durations developed recurrent breast cancer
at a higher rate than younger women who did not remain
premenopausal.

4, Discussion

Approximately 25% of cases of breast cancer occur in pre-
menopausal women. Breast cancer treatments have long
been known to affect menopausal and fertility status.®®®
Adjuvant chemotherapy for breast cancer may render a pre-
menopausal woman amenorrheic, either temporarily or
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1390)

40 years and older (N

PeCT or No CT

392)

Under 40 years (N

PeCT or No CT

CMF x6 or 7

CMF x 6 or7

No temp amen Temp amen No temp amen Temp amen No temp amen Temp amen No temp amen

Temp amen

142 115 70 498 227 637 28

65

Total patients considered from Trials V

and VI
Excluded patients with hysterectomy,

-15

-19

-20

oophorectomy, or missing menses info.
Excluded patients not premenopausal at

-0

-543

-319

-47

-25

2 year follow-up
Included in cohort

20

79

208

159

65

63

139

34

Outcomes of cohort patients

54 17 26 45 32 18

14

Recurrent breast cancer before

menopause
Still menstruating

40
136

15
99

15

24

10
36

29
56

16

60

14

Became menopausal

Table 3 - Women in menopause by 5 and 10 years (%)

Age at By 5 years (%) By 10 years (%)

diagnosis “pecTor  CMFx6  PeCTor  CMFx6
no CT or7 no CT or7

25 9 16 29 75

30 20 37 51 84

35 37 65 72 91

40 58 86 86 95

45 77 95 94 97

a Obtained from logistic regression model

permanently. The risk of chemotherapy-related amenorrhea
is related to patient age, the specific chemotherapeutic agents
used, and the total dose administered.»*® Chemotherapy-re-
lated amenorrhea may be reversible, in that some women will
resume menstrual function months or occasionally years
after treatment. The vast majority of women who remain
amenorrheic one year following treatment will not regain
ovarian function. However, many young women do continue
to menstruate after breast cancer chemotherapy.®’ For these
women, there is the possibility of entering menopause earlier
than they would have in the absence of chemotherapy.

The mean age of natural menopause in western countries
has remained approximately 51 years during the last several
decades. While studies are inconsistent, age at natural men-
opause may be related to certain environmental and repro-
ductive factors including smoking, socioeconomic status
and parity.’®%3

Among cancer survivors, no prior long-term studies have
focused on the effect of chemotherapy on age at menopause
among adult women who did not become post-menopausal
immediately following treatment. In a paediatric oncology
population, Byrne and colleagues evaluated self-reported
menopausal status of 1067 women who were treated for can-
cer before age 20, were still menstruating at age 21 and were
at least 5-year survivors, and compared them to 1599 control
women.” Cancer survivors, who had been diagnosed between
ages 13 and 19, had a risk of menopause from age 21 to 25 that
was four times greater than that of controls. The risk relative
to controls declined as women were further out from their
treatment. Women who were treated with either radiotherapy
alone (relative risk 3.7) or alkylating agents alone (relative risk
9.2) had significantly increased relative risks of menopause
during the early 20s compared to other survivors. During ages
21-25 the risk of menopause increased 27-fold for women
treated with both radiation below the diaphragm and alkylat-
ing agent chemotherapy. By age 31, 42% of survivors had
reached menopause compared with 5% for controls. Sklar
and colleagues found similar risks among 2819 childhood
cancer survivors compared to 1065 female siblings.”

Considering adult cancer survivors, Valagussa and col-
leagues reported on long-term fertility and menopausal out-
comes of 205 patients who were premenopausal at diagnosis
of breast cancer. They described two patients who entered
menopause 9 years after chemotherapy at age 39 years.® More
recently, Petrek and colleagues have reported on menstrual
bleeding after breast cancer from a cohort study of 595 women
who were premenopausal at diagnosis.® They describe a high
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Fig. 4 - Competing risks analysis: curves include all women in subsets evaluated in Trials V and VI excluding women who did
not have follow-up menstrual information or had undergone prior hysterectomy or bilateral oophorectomy.

incidence of temporary amenorrhea (approximately 40%) dur-
ing chemotherapy, followed by recovery of menses for many
survivors, particularly women under 40. Over the subsequent
S5 years of available follow-up, monthly bleeding slowly de-
clined in their cohort, though this seemed to be limited to wo-
men who were atleast 35 at diagnosis. They also found that the
incidence of CRA was related to receipt of chemotherapy, with
women receiving any chemotherapy being more likely to expe-
rience amenorrhea in follow-up. Petrek and colleagues also
evaluated bleeding patterns in relatively short term follow-
up by type of chemotherapy received and found that women
who received anthracycline-based chemotherapy were more
likely to experience acute amenorrhea, but were more likely
to experience recovery of menses than women receiving CMF
chemotherapy.?

Our findings of earlier onset of menopause among women
who received 6 or 7 cycles of CMF-based chemotherapy
(CMF x 6 or 7) compared to women who received no chemo-
therapy or only 1 cycle of CMF-based chemotherapy (PeCT or
no CT) are consistent with the work in the paediatric oncology
population evaluating premature menopause in childhood
cancer survivors who remain premenopausal immediately
after treatment. Our study provides evidence that age at treat-
ment for adult females plays a substantial role in the ultimate
timing of menopause. It appears that the closer one is to natu-
ral menopause, the less impact chemotherapy has on lowering
the age of menopause if a woman does not stop having men-
strual cycles during or immediately following the course of
chemotherapy. It is possible that this may be due in part to che-
motherapy causing more damage to younger more “active”
ovaries that may not become apparent for several years. Alter-
natively, older women who do not become immediately men-

opausal with chemotherapy may have greater ovarian reserve
or less ovarian sensitivity to chemotherapy than the average
woman. Further, there are different competing risks for youn-
ger and older patients. In particular, as demonstrated in our
analysis, younger women are less likely to experience tempo-
rary amenorrhea and more likely to develop recurrent disease
than older women. This may be related to the evidence that
the development of amenorrhea during chemotherapy, even
if only temporary, improves prognosis in women with hor-
mone receptor-positive breast cancer.?*2¢

Our finding of early menopause even in very young women
who received little or no chemotherapy is worthy of note.
There are at least two hypotheses for this observation: (1)
As noted above, there are competing risks and potential selec-
tion bias in our analysis. Very young women who remained
premenopausal for longer durations after breast cancer may
have been more likely to experience a recurrence of breast
cancer and thus would have been initially excluded or cen-
sored early in our analysis; and (2) young women who develop
breast cancer may be different from older premenopausal
women with breast cancer and different from women in the
general population with regard to their age at menopause
for biologic reasons.

The use of long-term follow-up menses information from
large randomised trials of premenopausal women with breast
cancer allowed us to evaluate this important issue among a
large group of breast cancer survivors who received standar-
dised treatment. The findings are limited by use of data that,
despite the prospective collection, were not designed to an-
swer our research question. In addition, we utilised patient
self-report of menstrual functioning that may have inaccura-
cies. Further, because women received an older chemotherapy
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regimen, and did not receive tamoxifen in these studies, it is
unclear if these results would reflect the experience of younger
women today. Additionally, whenever studying issues related
to cancer survivorship, the issue of competing risks and result-
ingbias must be considered. The majority of women who were
treated on IBCSG Trials V and VI were not included in the pri-
mary analysis featured in this report for reasons includinglack
of menses after treatment, lack of follow-up menses data or
the development of recurrent disease. We intentionally ex-
cluded these women in order to focus on the cohort of women
for whom this important survivorship issue would be most rel-
evant. It is also important to note that menstrual cycling is an
imperfect surrogate for ovarian functioning. Chemotherapy-
related amenorrhea may be temporary, and some women
may remain fertile despite lack of menstrual cycles. Menstrual
cycling may resume after a long duration of amenorrhea. Fur-
ther, for older women in particular, cessation of menses may
be the final symptom of ovarian failure, and infertility may
have ensued years before.”

Nevertheless, these findings may have important implica-
tions for young women facing a breast cancer diagnosis and
survivorship. A substantial proportion of young women are
concerned about their fertility and menopausal status follow-
ing breast cancer treatment, and for some women, such con-
cerns may impact treatment decisions.” These findings may
have implications for family planning among breast cancer
survivors, who might not want to delay trying to become
pregnant if they could project how much the duration of their
fertility may have been compromised by having received
adjuvant chemotherapy. Further, premature menopause, or
ovarian failure, may have additional important physical and
psychosocial consequences including the development of
menopausal symptoms such as hot flushes, genitourinary
problems, both psychological and psychosexual difficulties,
and accelerated bone mineral density loss.?®*3> Screening
and prevention of such problems among premenopausal can-
cer survivors may improve health outcomes. Future prospec-
tive studies evaluating the risk and timing of premature
menopause following more modern adjuvant breast cancer
chemotherapy regimens are warranted. Further, the relation-
ship between ongoing menses and actual fertility needs fur-
ther evaluation among young women with breast cancer.
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