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Purpose: Extended treatment with aromatase inhibitors
(Als) after tamoxifen has shown effectiveness in post-
menopausal patients with breast cancer. However it is very
difficult to start on Als for patients who become postmeno-
pausal after tamoxifen because tamoxifen is a selective
estrogen receptor modulator (SERM) that influences meno-
pause, confusing the menopausal status of patients. We
assessed the menopausal status and hormone concentra-
tions at the start of letrozole treatment in women with breast
cancer who were premenopausal when diagnosed with
breast cancer and who became postmenopausal during 5
years of tamoxifen therapy. Methods: We evaluated 164
patients with breast cancer who received extended letrozole
therapy between May 2006 and December 2007. All had
been premenopausal at diagnosis but became postmeno-
pausal during 5 years of tamoxifen therapy. Menopause
was defined as amenorrhea for >1 year, serum follicle stim-
ulating hormone (FSH) concentration >30 mlU/mL or serum
estradiol (E2) concentrations <20 pg/mL. FSH and E2 con-
centrations were monitored for 2 years after starting letro-
zole therapy. Results: The median ages of the 164 pa-
tients were 45 years at surgery, 46 years when they became

amenorrheic, and 50 years at the start of letrozole treatment.
Of the 164 patients, 157 (95.7%) were amenorrheic, 14
(9.3%) had FSH concentrations >30 mIU/mL and 113
(70.2%) had E2 concentrations <20 pg/mL at the start of
letrozole. FSH concentrations >30 mIU/mL were observed
in 87 patients (57.6%) after 6 months of letrozole and in 133
(88.1%) after 2 years, and E2 concentrations <20 pg/mL
were observed in 164 patients (100%) after 2 years. Times
to reach FSH >30 mlU/mL and E2 levels <20 pg/mL were
not significantly related to age at surgery (p=0.836 and p=
0.228, respectively), at start of letrozole (p=0.855 and p=
0.357, respectively), or at amenorrhea (p=0.098 and p=
0.154, respectively). Conclusion: Applying postmenopausal
ranges of hormone concentrations observed in normal healthy
people to patients who completed 5 years of tamoxifen is
inappropriate, because tamoxifen itself may affect FSH con-
centration. Further studies should focus on identifying an
indicator of ovarian function so that these patients can start
extended hormone therapy.
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INTRODUCTION

Since estrogen acts as a promoter of breast carcino—
genesis, (1) many anti—estrogen therapies have been utilized

in breast cancer patients, including the use of selective
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estrogen receptor modulators and ovulatory ablation.
Tamoxifen, an anti—estrogen agent, has been used for
more than 20 yr, and has become the most popular
endocrine agent used in women with breast cancer. (2,
3) Recently, extended treatment with third—generation
aromatase inhibitors (Als) has been shown effective in
postmenopausal women with breast cancer. (4) The National
Comprehensive Cancer Network (NCCN) recommends
adjuvant endocrine therapy for postmenopausal women
with breast cancer who are under age 60 yr and who

have completed 5 yr of tamoxifen treatment. However, to
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start Als, women should have postmenopausal levels of
follicle stimulating hormone (FSH) and estradiol (E2),
since Als are not effective in women with continued
ovarian function,

The age distribution of patients with breast cancer in
Korea differs markedly from that in Western countries.
In Korea, about 60% of newly diagnosed patients are
premenopausal, compared with approximately one—third
in Western countries, (5—7) Prognosis is poorer in younger
than in older patients, raising questions about the optimal
treatment for these younger, mostly premenopausal pa—
tients. Treatment of postmenopausal breast cancer pa—
tients with letrozole after 5 yr of tamoxifen has been
shown to prolong disease—free and overall survival.(4)
However, not all amenorrheic patients can start letrozole
immediately after tamoxifen therapy since they may not
be postmenopausal. That is, despite being amenorrheic,
these patients must wait to start letrozole until their
reproductive hormones reach postmenopausal concen—
trations according to NCCN guidelines. Tamoxifen, how—
ever, is a selective estrogen receptor modulator (SERM),
thereby influencing hormone concentrations. To deter—
mine if the definition of menopause which the NCCN
guideline suggesting is sufficient to determine ovarian
function, we evaluated the menopausal state and hormone
concentrations of patients with breast cancer who were
premenopausal at diagnosis, had just finished 5 yr of
tamoxifen therapy, had become postmenopausal during

tamoxifen therapy, and had started letrozole therapy.

METHODS

Between May 2006 and December 2007, we enrolled
170 patients with breast cancer, all of whom had started
extended letrozole therapy (2.5 mg once daily) at the
Asan Medical Center. All patients were premenopausal
at diagnosis of breast cancer and became postmenopausal
after completing 5 yr of tamoxifen therapy (10 mg twice
daily). At that time the Asan Medical Center defined post—
menopausal status as amenorrhea for at least 1 year or
serum FSH concentration =30 mIU/mL or E2 concen—

tration <20 pg/mL.(5) Thus, patients who had completed
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5 yr of tamoxifen therapy, who met this definition of
postmenopausal status, and who agreed to extended
treatment with letrozole were enrolled.

Age at menopause was recorded following a telephone
interview with each patient. Hormone concentrations,
age at the time of surgery, and age when starting letrozole
were collected retrospectively from patients medical
records. Concentrations of FSH and E2 were measured
at the start of letrozole treatment and every 6 months
thereafter for 2 yr.

We assessed the correlations between times to FSH =30
mlIU/mL and E3 <20 pg/mL with patient ages at sur—
gery, starting letrozole, and becoming menopausal, as well
as with duration of amenorrhea before starting letrozole
and treatment modality. Statistical significance levels
among the different age graips were tested by one—way
analysis of variance. All statistical calculations were per—
formed using SPSS software version 12.0K (SPSS Inc.,
Chicago, USA), with p—values <0.05 considered statis—

tically significant.

RESULTS

Of the 170 enrolled patients, six were excluded due to
missing clinical data, leaving 164 patients in the study.
Median patient age was 45 yr at the time of surgery, 46
yr at menopause, and 50 yr at the start of letrozole treat—
ment. Nearly 50% of the patients had more than 4 yr of
amenorrhea before starting letrozole (Table 1), The clinical
profiles of the patients are shown in Table 2.

Among the 164 patients, 157 were amenorrheic (95.7%),
14 (9.3%) had FSH concentrations =30 mIU/mL and 113
(70.2%) had E2 concentrations <20 pg/mL at the start of
letrozole treatment (Figure 1). FSH concentrations = 30
mIU/mL were observed in 87 of 151 patients (57.6%) after
6 months of letrozole and in 133 of 151 (88.1%) after 2 yr.
At 2 yr, 18 patients (11.9%) still had low (<30 mIU/mL)
serum FSH concentrations (Table 3, Figure 2). The mean
+SD and median times to reach FSH concentrations =30
mlIU/mL were 7.6%5.3 months and 6 months, respec—
tively. Mean time to reach FSH =30 mIU/ mL was signifi—

cantly shorter in patients who did than did not receive
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Table 1. Patient characteristics (1)

Age (yr) No. %
Age at time of surgery (yr)
Median (range) 45 (34-53)
<39 13 79
40-44 65 396
45-49 67 40.9
50> 19 11.6

Age at start of letrozole (yr)

Median (range) 50 (40-59)

40-44 13 79

45-49 64 38.4

50-54 68 415

55-59 20 12.2
Age at time of

menopause” (yr)

Median (range) 46 (37-54)

<39 5 3

40-44 45 27.4

45-49 59 36

50-54 28 17.1
Duration of amenorrhea

before letrozole (yr)*

<1 7 5.1

>1, <2 9 6.6

>2, <3 6 4.4

>3, <4 46 33.6

>4, <5 69 50.4

*Twenty-three patients underwent total abdominal hysterectomy and
4 patients restarted menstruation.

/ Patients=164

orrhea > 1 yr=157

Figure 1. Proportion of the patients for each elements of post-
menopausal definition, upon start of letrozole therapy. Among
the 164 patients, 157 were amenorrheic (95.7%), 14 (9.3%) had
FSH concentrations =30 mIU/mL and 113 (70.2%) had E2 con-
centrations <20 pg/mL at the start of letrozole treatment, only
10 patients satisfied all 3 elements of postmenopausal defifnition
upon start of letrozole therapy.

FSH=follicle stimulating hormone; E2=estradiol.

chemotherapy (7.6 vs. 18.4 months, p<0.001).
E2 concentrations <20 pg/ml, observed in 113 patients
(70.2%) at the start of letrozole therapy, were observed

Table 2. Patient characteristics (II)

Stage* No. %
0 1 0.6
| 53 32.3
Il 101 61.6
I 9 55
Type of the operation
BCO 55 335
MRM 109 66.5
Chemotherapy
None 29 17.7
Done 135 82.3
AC 51 31.3
CMF 52 31.7
FAC 12 7.3
DFLU 12 7.3
AC—-T 8 47
Radiotherapy
None 87 53
Done 77 47

BCO=breast conserving operation; MRM=modified radical mastec-
tomy; AC=adriamycin+cyclophosphamide; CMF=cyclophophamide+
methotrexate+5-fluorouracil; FAC=cyclophosphamide+adriamycin+
5-Fluorouracil; DFLU=didox; T=paclitaxel.
*Stage according to the AJCC 6th edition.

Table 3. Proportion of patients with FSH concentration >30
mlU/mL, assessed at 6-month intervals

Month No. % Sum Sum%
0 14 9.3 14 9.3
6 73 48.3 87 57.6

12 24 15.9 111 735

18 1 7.3 122 80.8

24 1 7.3 133 88.1

Subsequent 18 11.9 151" 100

FSH=follicle stimulating hormone.
*FSH concentrations were not measured in 13 patients.

Table 4. Proportion of patients with E2 concentration <20 pg/
mL, assessed at 6-month intervals

Month No. % Sum Sum%
0 113 70.2 113 70.2
6 32 19.9 145 90.1

12 13 8.1 158 98.1

18 1 0.6 159 98.8

24 2 12 161* 100

E2=estradiol.

*E2 concentrations were not measured in 3 patients.
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W FSH >30 miU/mL W FSH <30 miU/mL

0 6 12
Months

Figure 2. Proportion of patients with FSH concentrations =30
mlU/mL, assessed at 6-month intervals FSH concentrations =30
mlU/mL were observed in 14 of 151 patients (9.3%) at the start
of letrozole, 87 of 151 patients (57.6%) after 6 month of letrozole
and in 133 of 151 (88.1%) after 2 yr. At 2 yr, 18 patients (11.9%)
still had low (<30 mlU/mL) serum FSH concentrations.
FSH=follicle stimulating hormone.

W E2 >20 pg/mL B E2>20pg/mL

1.20% 0%
98.10% 98.80% 100%
0 6 12 18 24

Months

Figure 3. Proportions of the patients with E2 concentration <20
pg/mL, assessed at 6-month intervals E2 concentrations <20
pg/ mL, observed in 113 patients (70.2%) at the start of letrozole
therapy, 145 patietns (90.1%) after 6 month of letrozole and in
all 164 patients (100%) after 2 yr.

E2=estradiol.

in all 164 patients (100%) after 2 yr (Table 4, Figure 3).
The mean=£SD time to reach an E2 concentration <20
pg/mL was 2.6%+ 4.6 months,

The mean times to FSH =30 mIU/mL and E2 <20 pg/
mL were not significantly related to patient age at sur—
gery (p=0.836 and p=0.228, respectively), age at the start
of letrozole (p=0.855 and p=0.357, respectively), age at
menopause (p=0.980 and p=0.154, respectively), or dura—
tion of amenorrhea before the start of letrozole (p=0.691
and p=0.551, respectively) (Table 5).

Patients who were younger at diagnosis had a signif—

Ja Young Cho, et al.

Table 5. Factors influencing the time to reach FSH >30 mIU/
mL, and E2 <20 pg/mL

FSH E2

p-value p-value
Age at time of surgery 0.836 0.228
Age at start of letrozole therapy 0.855 0.357
Age at time of menopause 0.980 0.154
Duration of amenorrhea before 0.691 0.551

letrozole therapy

Chemotherapy <0.001 0.140

FSH=follicle stimulating hormone; E2=estradiol.

Table 6. Relation between age at surgery and duration of ame-
norrhea before starting letrozole

A Duration of

ge at the

operation (yr) amenorrhea (yr) No. p-value
Mean=+SD

<39 30+20 10

40-44 41+13 53

45-49 42+12 58

50= 46+05 16

Sum 137F 0.019

*Twenty-three patients underwent total abdominal hysterectomy, 4
patients restarted menstruation.

icantly longer duration of amenorrhea than patients who
were older at diagnosis (p=0.019) (Table 6).

Among the 164 patients, four restarted vaginal bleeding
and were diagnosed as having resumed menstruation;

these patients stopped letrozole therapy.

DISCUSSION

The average age at diagnosis of breast cancer is lower in
Asian than in Western countries. (5,6,8) Moreover, increased
use of screening tests has increased the proportion of
younger patients diagnosed with the disease,(8) leading
to increased interest in treatment optimization for young,
generally premenopausal women. Als have shown effec—
tiveness in postmenopausal women with breast cancer
as up—front therapy. (9,10) Younger, premenopausal pa—
tients who become postmenopausal during treatment with
an Al may be considered for a switch(11,12) or extended
therapy. (13 14) Although menopause in generally healthy

women is usually determined by age and clinical men—
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struation status, hormonal concentrations (e.g., FSH,
luteinizing hormone [LH] and E2) are included when
evaluating menopause in younger patients and those
who received chemotherapy and hormonal therapy.(15)
Patients with breast cancer experience early menopause
due to ovarian suppression induced by chemotherapy or
antiestrogen therapy.(7,16) We found that the median
period of amenorrhea prior to the start of letrozole treat—
ment was 4 yr, with 94.9% of our patients being amen—
orrheic for more than 1 yr before starting letrozole. In
contrast, only 9.3% of our patients had serum FSH con—
centrations =30 mIU/mL at the start of letrozole treat—
ment, indicating that FSH concentration did not sufficiently
reflect the exact menopausal state of these patients. We
also found that 70.2% of our patients had serum E2 con—
centrations <20 pg/mL when starting letrozole, with
100% of our patients having low E2 after 2 yr of letrozole
treatment, suggesting that E2 concentration may better
correspond to amenorrhea before the start of Al treat—
ment than FSH concentrations.

Since tamoxifen has estrogenic effects(17,18) and affects
the hypothalamus—pituitary axis,(19,20) a combination
of chemotherapy and tamoxifen reduces serum concen—
trations of LH and FSH in both pre— and postmenopausal
women with breast cancer. These effects are observed
throughout treatment with tamoxifen, (19) In premenopau—
sal women, the combination of chemotherapy and tamox—
ifen increases the output of ovarian estrogen. Ovarian
estrogen secretion continues longer in patients treated
with tamoxifen and chemotherapy than in those treated
with chemotherapy alone, with the former showing feed—
back inhibition of gonadotropin secretion. Eventually,
however, the ovaries fail. Tamoxifen has estrogen—like
activity on gonadotropin secretion in postmenopausal
women. (21, 22) In premenopausal women, there are incom—
plete increases in LH and FSH levels once chemotherapy
destroys the ovary, with gonadotropin concentrations
remaining constant until tamoxifen therapy is stopped.
Once tamoxifen is stopped gonadotropins concentrations
increase to the postmenopausal range.(19,23) This may
explain, at least in part, why the FSH concentrations in

our patients did not increase to =30 mIU/mL despite

these women being postmenopausal. These findings sug—
gest that FSH concentrations cannot be used to determine
ovarian function in patients with breast cancer.

In postmenopausal patients with early—stage breast
cancer, the endocrine effects of tamoxifen have been
compared with those of adjuvant letrozole. Although both
drugs decreased E2 concentrations, the decrease was
greater in the letrozole group. Moreover, FSH concen—
trations decreased in patients treated with tamoxifen,
but increased slightly in patients treated with letrozole.(24)

Determining menopausal status is important prior to
Al treatment in patients with breast cancer. Al treat—
ment is indicated for postmenopausal patients with breast
cancer but is contraindicated for women with functioning
ovaries, (25) In most women, amenorrhea after chemother—
apy is permanent(26,27) although menstruation resumes
in some patients, (7,16,28) Indeed, we found that 4 of our
164 patients (2.4%) recovered menstruation after letro—
zole therapy, with one beginning to menstruate after 3
months, and 2 after 17 months each, of letrozole admin—
istration, resulting in a discontinuation of letrozole in
these women. The NCCN guidelines do not include an
exact method for determining ovarian function in women
who become amenorrheic after chemotherapy and who
receive antiestrogen therapy. Definitions of menopause
have varied among clinical studies and countries.(15) If
menopause is defined as age >50 yr and FSH concentra—
tion =30 mIU/mL, only 9.3% of our patients could have
started extended letrozole therapy after completing 5 yr
of tamoxifen. Nevertheless, except for the four patients
who resumed menstruating, all of our patients were started
on letrozole therapy despite their FSH concentrations
being low. After 1 and 2 yr, 57.6% and 88.1% of our pa—
tients, respectively, reached FSH concentrations =30
mlIU/mL. The FSH level is low at the beginning of letro—
zole because of a tamoxifen effect and after stared letro—
zole FSH concentrations increased. Letrozole itself may
facilitate a increase in FSH concentrations. (24)

Late clinical recovery of ovarian function has been
observed among women with treatment—induced amen—
orrhea, thus rendering Al therapy ineffective. (29) In these

women, a combination of letrozole and ovary suppres—
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sion therapy may be effective. Extended letrozole therapy
has also shown improved outcomes in patients with early
breast cancer.(30) To date, in the absence of accurate
determinations of menopause, no guidelines have formu—
lated an exact time and duration for extended Al treat—
ment. Thus, due to unclear ovarian function, physicians
must decide whether to delay Al treatment until FSH is
=30 mIU/m or to continue extended endocrine therapy
immediately after finishing tamoxifen therapy. Since
only four of our 164 patients restarted menstruation, three
after 18 months of extended letrozole therapy, hormone
concentrations should be monitored periodically in patients
who start letrozole therapy. Although letrozole is started
earlier for amenorrheic patients with low FSH, regular
measurements of serum concentrations of reproductive
hormones, together with a physical examination, may
prevent the side effects of treatment and determine
whether ovarian function has resumed.

This study had several limitations, including its single—
center retrospective design and the lack of a control group.
Comparing changes in hormone concentrations between
patients who did and did not receive extended letrozole
therapy could have more meaningful results. Our defini—
tion of postmenopause differed from that in NCCN guide—
lines. We therefore included amenorrheic patients, although
their FSH concentrations were not in a postmenopausal
range. These patients may have been perimenopausal
when they started letrozole, which is not currently rec—
ommended. However we continuously checked their hor—
monal levels and regular outpatient treatment to avoid
side effect and to recognize resume of menstruation and
ovary function. Furthermore, this is the first study to
objectively evaluate menopause and hormone status
changes among Korean women with breast cancer who
were treated with letrozole after tamoxifen. Although it
is very important to determine ovarian function in can—
didates for Al treatment, it is difficult to exactly determine
ovarian function in women who have received chemo—
therapy and endocrine therapy. Thus, the results of future,
prospective, multicenter studies on menstrual state and
hormonal changes in patients with breast cancer who

received tamoxifen therapy may play an important role
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in patient outcomes,

CONCLUSION

Determining exact menopausal status is important in
treating patients with breast cancer. Patients with con—
tinued ovarian function should not start Als, but Al treat—
ment should not be delayed in patients who become post—
menopausal during tamoxifen treatment because Als
can prolong their survival, According to current guide—
lines, however, amenorrhea for more than 1 yr and post—
menopausal ranges of FSH and E2 concentrations can
delay treatment for patients who have completed 5 yr of
tamoxifen treatment. Hormone level can be in normal
range because the patients still have functioning ovaries,
in some patients, hormone level do not reach post—
menopausal range because of tamoxifen effect although
they do not have functioning ovaries.

Applying postmenopausal hormonal ranges of normal
healthy people is inappropriate in determining the post—
menopausal status of breast cancer patients who have
completed 5 years of tamoxifen therapy, because tamox—
ifen itself changes FSH concentrations. Additional studies
are required to identify indicators of ovarian function
in these women so that they can be started on proper

endocrine therapy.
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