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BACKGROUND. Premenopausal breast carcinoma patients who undergo tumor ex-
cision during the follicular phase of their menstrual cycle may have a significantly
worse prognosis than those whose tumors are excised in other phases of the
menstrual cycle.

METHODS. Outcome was determined in a series of 112 premenopausal women with
operable breast carcinoma in relation to the timing of surgery within the menstrual
cycle and the estrogen receptor (ER) and progesterone receptor (PR) status of their
primary tumors as determined by immunohistochemistry.

RESULTS. Those patients with ER positive tumors who underwent surgery in the
early and luteal phase of the cycle had a significantly better survival than women
with ER negative tumors (chi-square test = 15.56; P < 0.001). This also was true for
PR status (chi-square test = 18.21; P < 0.001). After follicular phase surgery, tumor
receptor status had no effect on overall survival. Patients with the best prognosis
had ER/PR positive tumors excised on Days 0-2 and 13-32 but even those women
with ER or PR negative tumors removed during the luteal phase of their menstrual
cycle fared better than patients whose tumors were removed during the follicular
phase.

CONCLUSIONS. There was a better survival rate for patients with both ER/PR
positive and negative tumors treated during the luteal phase of the menstrual
cycle. This could be the result of progesterone acting on the surrounding peritu-
moral normal tissue, thereby exerting a straitjacket effect and improving cohesion
of the primary carcinoma. Unopposed estrogen in the follicular phase of the cycle
may enable more tumor emboli to escape and successfully establish micrometas-
tases. Cancer 1999;86:2053-8. © 1999 American Cancer Society.
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here is mounting evidence that the timing of surgery within the

menstrual cycle has a significant effect on prognosis in premeno-
pausal women with breast carcinoma.'™ Since the original suggestion
by Hrushesky et al. that surgical cure of breast carcinoma was affected
by the menstrual phase,* there has been considerable controversy
with several studies finding no effect.>® Subsequently, Badwe et al.
hypothesized that unopposed estrogens might be deleterious and
reported a significant worsening of prognosis in women undergoing
tumor excision between Days 3 and 12 of the menstrual cycle.”

Although there have been several subsequent negative reports, a
meta-analysis indicated that there was a significant overall effect of
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the timing of surgery.! Additional studies in which
progesterone receptor (PR) and estrogen receptor (ER)
levels were measured in blood samples taken around
the time of surgery showed that among those women
who had PR levels > 4 ng/mL (luteal phase) there was
a significantly better prognosis.® In addition, a histo-
logic study indicated an increased likelihood of vascu-
lar invasion around tumors resected during the follic-
ular phase of the cycle.’ In a subsequent study we
showed that, in the follicular phase, there was an
increased risk of the establishment of viable microme-
tastases that was most marked in tumors with higher
proliferative activity.'°

When the effect of timing of surgery first was
demonstrated it was apparent in patients with both ER
positive and negative tumors.” This suggested that the
mechanism in part acted via an indirect effect on the
ER positive peritumoral normal tissue. To investigate
this further, we immunohistochemically measured the
ER and PR status in a series of 112 tumors excised
from premenopausal women who underwent surgery
at a known time within their menstrual cycle.

MATERIALS AND METHODS

One hundred and twelve women with operable inva-
sive breast carcinoma treated in the Breast Unit at
Guy’s Hospital between 1975-1985 were studied. The
cases used in this study were a subset of cases we have
used previously.'® Some cases were excluded because
there was insufficient tumor tissue for further analysis.
All patients were premenopausal and the date of their
last menstrual period prior to surgery was known.
From this, the day of the menstrual cycle phase on
which they underwent surgery was calculated. Surgery
was comprised of either modified radical mastectomy
or breast conservation (tumorectomy and axillary
lymph node clearance). Subsequently, those patients
treated by breast conservation therapy received an
iridium implant (20 grays [Gy]) followed by whole
breast irradiation (46 Gy).'! Patients were seen every 3
months for 3 years, every 6 months for the next 2
years, and annually thereafter. Long term verified fol-
low-up data were available for all cases.

The clinical size of the tumors was known and the
histologic type was established using guidelines from
the World Health Organization.'? There were two
main histologic types encountered: infiltrating ductal
carcinoma of no special type and infiltrating lobular
carcinoma. The histologic grade of all the tumors was
determined by the modification of the Bloom and
Richardson system as proposed by Elston and Ellis.*®
The number of lymph nodes containing metastases
and the microscopic tumor size were all determined
by Dr. Rosemary Millis, a consultant pathologist on

the Clinical Oncology Unit at the time the current
study was conducted.

Immunohistochemical Methods

Dewaxed and rehydrated 3-um, formalin fixed, paraffin
embedded sections from the primary tumor underwent
antigen retrieval using a pressure cooker and then were
stained for ER and PR as described previously.'° Immu-
nohistochemical staining was performed with anti-ER
antibody ID5 (Dako Co., Carpinteria, CA) at a 1:70 dilu-
tion and anti-PR antibody 1A6 (Novocastra, Vector Lab-
oratories Ltd., Peterborough UK) at a 1:40 dilution. The
sections were incubated in primary antibody for 1 hour
at room temperature. A standard peroxidase-conjugated
streptavidin-biotin complex method was used and sites
of binding were visualized with diaminobenzidine (Sig-
ma Chemical Co., St. Louis, MO). Negative control sec-
tions in which the primary antibody was omitted and
replaced with phosphate-buffered saline were included
in each case. Sections of tumors previously shown to
have varying levels of ER and PR positivity were used as
positive controls.

Evaluation of Staining

Evaluation was undertaken by two of the authors (L.C.
and N.P.) without prior knowledge of the timing of
surgery using a conference microscope. Sections were
evaluated by scoring the approximate proportion of
cells staining and their intensity. Proportions were
scored as follows: 0 (negative) 1 (1-25%), 2 (26-50%),
3 (51-75%), and 4 (76-100%). The intensity of staining
was given a numeric score of 0 (no staining), 1 (weak
staining), 2 (moderate staining), or 3 (strong staining).
These scores were added together, giving a maximum
count of 7. Scores = 3 were considered to be ER and
PR negative and those with scores > 3 were deemed
ER and PR positive. This is in accord with our previous
studies.'* Normal breast tissue, when present, was
scored according to the proportion of cells staining.

Statistical Methods

Survival curves were generated using the method of
Kaplan and Meier and the log rank analysis was used
to compare ER and PR scores with overall survival.'®
To compare ER and PR with the phase of the men-
strual cycle, the chi-square test was used.

RESULTS

Of the 112 tumors, 70 (63%) were found to be ER
positive and 68 (61%) were found to be PR positive.
The proportion of ER positive tumors was not signif-
icantly different in those patients who underwent tu-
morectomy between Days 3 and 12 compared with
those patients operated on at other times in the cycle



TABLE 1
Immunohistochemical Scores for ER and PR in Relation to Phase of
Menstrual Cycle

Malignant breast tissue (intensity and proportion of cells staining)

Score 0-3 Score 4-7

ER

Days 3-12 19 (35%) 36 (65%)

Days 0-2, and 13-32 23 (40%) 34 (60%)

Chi-square = 0.19

PR

Days 3-12 19 (35%) 36 (65%)

Days 0-2 and 13-32 25 (44%) 32 (56%)

Chi-square = 0.67

Normal breast tissue® (proportion of cells staining only)

Score 0-1 Score 2-4

ER

Days 3-12 21 (41%) 30 (59%)

Days 0-2 and 13-32 19 (35%) 35 (65%)

Chi-square = 0.4

PR

Days 3-12 17 (33%) 34 (67%)

Days 0-2 and 13-32 16 (30%) 38 (70%)

Chi-square = 0.17

ER: estrogen receptor; PR: progesterone receptor.
“Seven cases did not have any normal tissue present.
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FIGURE 1. Overall survival by estrogen receptor (ER) status. x> chi-square
test.

(65% vs. 60%; chi-square test = 0.19, degrees of free-
dom [df] = 1; P = 0.66), as shown in Table 1. Likewise,
the proportion of PR positive cases was similar in both
phases (65% vs. 56%; chi-square test = 0.67, df = 1;
P = 0.41). There was no difference in the proportion of
either ER positive or PR positive cells in normal tissue
during different phases of the menstrual cycle (Table 1).

Overall survival by ER status, regardless of the
phase of the menstrual cycle, is shown in Figure 1. It
can be seen that although those women with ER pos-
itive tumors fared slightly better than their ER negative
counterparts, this did not achieve statistical signifi-
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FIGURE 2. Mean estrogen receptor (ER) values by day of menstrual cycle
including standard errors.
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FIGURE 3. Mean progesterone receptor (PR) values by day of menstrual
cycle including standard errors.

cance (chi-square test = 2.59, df = 1; P = 0.11). Similar
data were obtained when the effect of PR status on
overall survival was examined (chi-square test = 2.26,
df = 1; P = 0.13) (data not shown).

The distribution of ER and PR scores according to
the timing of surgery are shown in Figures 2 and 3,
respectively. These histograms demonstrate that there
was no significant difference in ER and PR positivity
throughout the menstrual cycle.

Figure 4 shows the overall survival of those patients
undergoing surgery during the two phases of the cycle
(excluding five patients who died of causes other than
breast carcinoma) and Figure 5 shows the precise distri-
bution of survival according to the timing of surgery. For
those who underwent surgery between Days 3 and 12,
the 10-year survival rate was 45% compared with 75% for
those patients undergoing tumor excision at other times
during their menstrual cycle (chi-square test = 15.56,
df = 1; P < 0.01). The effect on overall survival of the
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FIGURE 4. Overall survival by phase of menstrual cycle. x*: chi-square test.

combination of the timing of surgery with ER status is
shown in Figure 6 (chi-square test = 16.49; P < 0.001).
This reveals a very interesting divergence by ER status in
those patients undergoing surgery during the luteal
phase of the menstrual cycle. The 10-year overall sur-
vival rate for the ER positive cases was 80% compared
with 60% in ER negative cases. In contrast, among the
women who underwent surgery during the follicular
phase of their menstrual cycle, ER status appeared to
have no effect on prognosis, with both groups having a
10-year survival rate of 42%.

As shown in Figure 7, a similar effect was observed
in relation to the timing of surgery and PR status (chi-
square test = 18.21; P < 0.001). The 10-year survival rate
for PR positive patients who underwent surgery during
the luteal phase of their menstrual cycle was 88% com-
pared with 56% for those with PR negative tumors. In the
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follicular phase, both PR positive and PR negative pa-
tients had a 10-year survival rate of 44%.

DISCUSSION

Attempts to characterize the mechanisms by which
the menstrual cycle phase affects the prognosis in
patients with operable breast carcinoma often raise
more questions than answers.'%'® This study has been
no exception. In the good phase of the menstrual cycle
(Days 0-2 and 13-32), women with ER positive tumors
have a significantly better outcome than those with ER
negative tumors. The same is true for those patients
with PR positive and PR negative tumors. This could
be explained by the observation that ER positive and
PR positive tumors are more likely to be better differ-
entiated and hence be less aggressive.'” This is con-
sistent with our previous findings in relation to MIB-1
staining, menstrual phase, and prognosis.'° In the lu-
teal phase, those women with slowly proliferating tu-
mors (= 10% of cells positive) had a significantly bet-
ter prognosis than those with rapidly proliferating
lesions (MIB-1 scores of >10%). The survival of the
latter group was similar to that of women with MIB-1
scores of = 10% who underwent surgery during the
follicular phase of their menstrual cycle.

In contrast, there was no difference in the survival
of patients who underwent surgery during the bad
(follicular) phase of the menstrual cycle when classi-
fied according to ER and PR status. This may be a
chance finding. Alternatively, it could result from an
increased likelihood of the establishment of viable
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FIGURE 5. Overall survival by day of
menstrual cycle.
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10 A =1821
p =< 0,001
#
G phaase

PR positive (n= 32)

‘Good” phase
PR negative (n= 25)
4 1
“Bad* phase
PR positive (n= 34)

Cumulative % Surviving

W 4 “Rad” phase
PR negadive (n=19)

4 3 12 13 20 22
Time {Years)

FIGURE 7. Overall survival by phase of menstrual cycle and progesterone
receptor (PR) status. y* chi-square test.

metastatic cells from ER positive tumors shed during
the follicular phase being matched by vascular dis-
semination of the less cohesive ER negative tumors.
There has been considerable controversy regarding
the influence of ER and PR on the prognosis of women
with breast carcinoma and important effects may have
been missed because of the failure to take into ac-
count the timing of surgery in premenopausal women.

The proportion of ER positive tumors (63%) was
lower than usually reported in unselected series of
breast carcinoma patients but is appropriate for a
group of premenopausal patients because the propor-
tion of ER positive tumors increases with age. No such
effect was observed in relation to PR status, which
does not change with age.'®

There were no significant differences between the
proportion of ER positive or ER negative tumors in the
different phases of the cycle. However, this may not
reflect the situation in the surrounding normal tissue.
Soderqyist et al. performed fine-needle aspiration cy-
tology in 42 healthy volunteers throughout the men-
strual cycle.'® Although PR was detectable in 80% of
aspirates from women in both the follicular and luteal
phases, ER was found in 68% of follicular specimens
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but only 32% of luteal phase aspirates. The results of
the current study showed no difference in the ER and
PR status of the luminal epithelial cells in normal
breast tissue surrounding tumors excised during dif-
ferent menstrual phases.

The unopposed estrogens in the follicular phase
have pleiotropic effects, including induction of ca-
thepsin D?° and increased synthesis of vascular endo-
thelial growth factor (VEGF).?! The former may en-
hance the local invasive capacity of malignant cells
and the latter is a necessary factor for angiogenesis so
that tumor emboli can establish viable metastases.
Recent studies have shown that there is a significant
lowering of serum VEGF in premenopausal women
during the luteal phase of the menstrual cycle.??

The results of this study reinforce the importance
of the timing of surgery in the prognosis of premeno-
pausal women with operable breast carcinoma. The
benefit is most pronounced in those with hormone-
dependent and slowly proliferating tumors who un-
dergo surgery during the luteal phase of the menstrual
cycle. Follicular phase surgery is associated with a
poor prognosis regardless of hormone status. These
findings have not solved the mystery of the mecha-
nisms involved in the timing of surgery. Nevertheless,
they may influence patient management by resched-
uling surgery, leading to a better prognosis for pre-
menopausal women with operable breast carcinoma.
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