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Abstract—The effect of cyclophosphamide, methotrexate and fluorouracil (CMF) on ovarian
Sunction has been studied in T4 pre-menopausal patients with operable breast cancer. Afler
median follow-up of 47 months, 50, 70 and 80% of 35 patients receiving CMF became
permanently amenorrhoeic within 3, 6 and 12 months respectively; in contrast, only 5 in the no
treatment (control) group of 39 patients became permanently amenorrhoeic within 12 months.
Younger patients (less than 35 years) were more likely to retain or regain menstrual function

while on or after CMF treatment.

Estimation of ovarian and pituitary hormones in a subset of these women showed that CMF
treatment was associated with a decrease in serum oestradiol and progesterone and an increase in
serum follicle stimulating hormone and luteinizing hormone to post-menopausal levels. These
hormonal changes are consistent with the induction of amenorrhoea during CMF treatment and
the absence of resumption of menstrual function after completion of treaiment suggests that CMF
causes permanent ovarian ablation in a majority of these patients.

INTRODUCTION

Apjuvant chemotherapy with cyclophosphamide,
methotrexate and fluorouracil (CMF) after primary
treatment of operable breast cancer results in a
significant prolongation of relapse-free and overall
survival in pre-menopausal patients [1, 2]. Because
the benefit of adjuvant CMF is essentially confined
to pre-menopausal patients and adjuvant endocrine
treatment is of value in pre-menopausal patients
[3], itis pertinent to assess the extent to which CMF
modifies ovarian function. For this purpose, serum
pituitary and ovarian hormone levels were meas-
ured and related to the menstrual history recorded
in pre-menopausal patients in a randomized trial of
CMF against no treatment (control group) after
mastectomy.

PATIENTS AND METHODS
Patients
Seventy-five pre-menopausal patients (last men-
strual period within 1 year of entry into the trial or
hysterectomy with conservation of the ovaries and
less than 50 years of age) with breast cancer and
involved axillary nodes were eligible for this study.
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These patients after mastectomy and axillary clear-
ance were randomized (from October 1979 to June
1982) to receive either CMF (cyclophosphamide
80 mg/sq m orally days 1-14, methotrexate 32 mg/
sqm iv. days 1 and 8 and 5-fluorouracil 480 mg/
sqm i.v. days 1 and 8, 28-day cycles) or no treat-
ment (control group). The details of the protocol and
the first analysis of this trial have been published [2].
Serum samples were obtained from patients before
and 8-10 days after surgery, at 3 and 6 months
after commencement of chemotherapy and at 6
weeks after completion of chemotherapy (12 month
sample). The timing of samples was identical in the
control group. For both groups the time of blood
sampling was dependent solely on the date of mas-
tectomy and was not related to the phase of men-
strual cycle. Serum samples were aliquoted and
preserved at —20° C until analysis. Menstrual his-
tory was obtained from patient records for all 39
control patients and for 35 patients treated with
CMF (1 patient had had hysterectomy with reten-
tion of ovaries and was excluded). Of these patients,
serum samples were available from 20 treated and
23 control group patients. The complete set of serial
blood samples was available from 9 treated and 11
control group patients.

Serum levels of follicle stimulating hormone
(FSH), luteinizing hormone (LH) and prolactin
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Table 1. Patient characteristics

All patients

Hormone profile group

Controls CMF Controls CMF
Total No. 39 35 23 20
Age (yrs) 46 45 45 44
median and range (28-55) (25-55) (29-54) (31-54)
Within 12 months of entry into the
trial
No menopause 34 8 21 5
Age median 45 35 44 35
(range) (28-53) (25-38) (29-52) (31-38)
% CMF median — 54 — 60
(range) (35-98) (40-92)
Menopause 5 27 2 15
Age median 52 46 53 45 ‘
(range) (52-55) (35-55) (52-53) (35-55)
% CMF median — 75 — 5
(range) (45-100) (45-98)

were determined using a second antibody radioim-
munoassay method (Amersham International plc,
FSH Cat. No. IM 2070, LH Cat. No. IM 2080,
prolactin Cat. No. IM 1061). Serum oestradiol and
progesterone were determined using a solid-phase
radioimmunoassay method (Diagnostic Products
Corporation, Oestradiol Cat. No. TKE 25 and
progesterone Cat. No. TKPG 2). Dehydroepiandro-
sterone (DHEA) and its sulphate ester (DHEAS)
were measured by radicimmunoassay [4].

Groups were compared using the 2-sample Wilc-
oxon-rank test for unpaired data [5]. The log-rank
test [6] was used to assess the significance of the
difference in the time to permanent amenorrhoea
(no resumption of menstrual periods over a median
follow-up of 4 yr).

RESULTS

Patient characteristics are detailed in Table 1.

Menstrual function

In contrast to 5/39 patients in the control group,
27/35 patients treated with CMF became
amenorrhoeic within 12 months of commencing
treatment {P < 0.001, Chi-square = 31.09) and
had no resumption of menstrual function during
subsequent follow up (median 47 months). On
plotting the time to menopause, the probability of
becoming permanently amenorrhoeic was 50, 70
and 80% at 3, 6 and 12 months respectively for
patients treated with CMF and 3, 10 and 17% for
patients in the control group. These differences
between CMF-treated and control patients were
highly significant (P < 0.001, Fig. 1H). Of the 8
patients treated with CMF but without induction
of amenorrhoea during treatment, 5 had intact

menstrual function during and after treatment and
in 1 menstrual function resumed 5 months after
completion of CMF; in the remaining 2 patients
menstrual function ceased 2 and 15 months after
completion of CMF treatment. These 8 patients
were significantly younger than CMF-treated pati-
ents who became amenorrhoeic (P < 0.01, Table
1). Although the median cumulative dose of CMF
(expressed as % projected dose) received by patients
who became permanently amenorrhoeic was higher
than in those without permanent amenorrhoea
(Table 1), this difference was not statistically sig-
nificant (2-sample Wilcoxon-rank test and Chi-
square test after classifying patients in each group
as > = 65% and < 65% CMTF dose, 0.1 > P >
0.05). In the control group, patients who attained
spontaneous menopause within 12 months were
significantly older than patients who did not become
menopausal (P < 0.001, Table 1).

Hormone profile

In the control group the levels of FSH and LH
rose gradually from before operation to 12 months;
only the difference between the levels preoperatively
and at 12 months was significant (P < 0.05, Fig.
1A and B). In contrast, the CMF group levels of
FSH and LH rose sharply to post-menopausal levels
by 3 months and remained at these levels at 6 and
12 months (P < 0.001 preoperative v 3, 6 and 12
months; except for LH at 3 months P < 0.01, Fig.
1A and B). The difference in the levels of FSH and
LH between control and CMF-treated patients at
3, 6 and 12 months was significant (P < 0.01;
except for LH at 3 months P.< 0.02).

There were no significant alterations in the levels
of oestradiol and progesterone in the control group
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Fig. 1. A comparison of hormone profiles (A-G), mean levels and 1 §.E. (vertical bars), in control (solid line) and CMF treated

patients (dotted line). For P values see text (mean + S.E. used for clarity of figutes, statistics by 2 sample Wilcoxon-rank test for

unpaired data). Pl = Preoperative, P2 = Post-operative, Mos = months, Con = Controls. In H the time to permanent
amenorrhoea has been plotted for control (solid line) and CMF-treated (dotted line) patients. Yrs = Years.

of patients from before operation and during the
next 12 months (Fig. 1C and D). In contrast, for
patients treated with CMF, the levels of oestradiol
dropped sharply to postmenopausal levels from 3
months onwards and the difference between the
levels preoperatively and at 3, 6 and 12 months
was highly significant (P < 0.001, Fig. 1C). The
levels of progesterone declined less rapidly in pati-
ents treated with CMF and the levels at 6 and 12
months were significantly lower than the preoperat-
ive levels (P < 0.01, Fig. 1D). The difference in
the levels of oestradiol between control and CMF-
treated patients at 3, 6 and 12 months was signifi-
cant (P < 0.01, Fig. 1C) and for progesterone only
the difference at 12 months was significant
(P <0.01, Fig. ID).

The post-operative levels of prolactin were sig-
nificantly higher than the preoperative levels in
both control (P < 0.05, Fig. 1E) and CMF-treated
patients (P < 0.01, Fig. 1E). There was no signifi-
cant difference between the level of prolactin before
operation and at 3, 6 and 12 months (Fig. 1E) in
either the control or CMF-treated patients. Patients
treated with CMF had higher levels of prolactin
compared to controls but this was significant only
for the post-operative sample (P < 0.05) and at 3
months (P < 0.05).

There were no significant alterations in the levels
of dehydroepiandrosterone and its sulphate ester in
either control or CMF-treated patients (Fig. 1F and
G).

DISCUSSION

This study shows that the majority of pre-meno-
pausal patients with early breast cancer treated
with adjuvant CMF become amenorrhoeic within
6 months of starting treatment. The hormonal stud-
ies in a subset of these patients show that the
amenorrhoea is associated with elevated levels of
pituitary gonadotrophins and decreased levels of
estradiol and progesterone—a pattern consistent
with menopause or ovarian failure. The absence of
resumption of menstrual function in patients who
become amenorrhoeic (median age of 46 years) on
CMF treatment when followed up for a median
period of 4 years suggests that the ovarian failure
associated with CMF treatment is likely to be
permanent. Patients younger than 35 years are
more likely to retain or regain menstrual function
during or after CMF treatment suggesting that,
for a given dose of CMF, the age of the patient
determines whether or not permanent amenorrhoea
is induced.

The mildly elevated levels of FSH and LH at 12
months in the control group of patients can be
explained by natural menopause attained by some
of the older patients in this group. Surgical stress is
known to cause elevations of serum prolactin levels
[7] and the higher levels of prolactin in CMF-
treated patients compared to controls could have
been due to stress associated with cytotoxic treat-
ment and/or the regular use of antiemetics. As
dehydroepiandrosterone sulphate and dehydroepi-
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androsterone are principally derived from the adre-
nal glands, the absence of significant changes in the
levels of these hormones indicates that CMF has
little, if any, effect on adrenal secretion of these
hormones.

These findings confirm those of others [8, 9,
10, 11] who have reported a similar incidence of
amenorrhoea, similar alteration in the pattern of
hormonal profile and the importance of age as a
factor determining whether amenorrhoea is induced
or not during adjuvant chemotherapy. Further-
more, we find that CMF-induced amenorrhoea

is likely to be permanent in a majority of pre-
menopausal patients. This observation in conjunc-
tion with the findings that benefit of adjuvant CMF
treatment is confined to (a) pre-menopausal, but
not post-menopausal, patients; (b) pre-menopausal
patients with progesterone receptor-positive
tumours; and (c) pre-menopausal patients with
permanent CMF-induced amenorrhoea [12] sug-
gest that CMF-induced ovarian ablation makes a

major contribution to the clinical results of adjuvant
CMF therapy.
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