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INTRODUCTION

Estrogen plays a central role in the etiology of breast cancer 
and is a well known target for treatment. Serum estrogen levels 
in the perioperative period might have an effect on prognosis 
and this effect could be dependent on the timing of surgery in 
the menstrual cycle. However, the impact of timing of surgery 
in the menstrual cycle is still a controversial issue. Two decades 
after the first interest on this topic, previous studies with con­
flicting results did not help to resolve this problem. Since 1989, 
35 studies including 9,665 patients were reported and 11 
studies reached a conclusion that supports a negative impact 
of surgery during the follicular phase of the menstrual cycle 
[1]. Retrospective nature of the majority of the previous 

studies prevented the researchers from reaching a definitive 
conclusion on this topic. In this study, it is aimed to prospec­
tively evaluate the impact of timing of surgery based on the 
menstrual cycle on survival of breast cancer patients. In add­
ition, various clinical and hormonal classifications of the 
menstrual cycle reported in previous studies were compared 
to determine the most effective classification on survival.

METHODS

Premenopausal breast cancer patients treated with curative 
surgery between 1998 and 2002 were prospectively included in 
this study. Patients with irregular menses, history of previous 
gynecologic operations, use of oral contraceptives, treatment 
with neoadjuvant chemotherapy, radiotherapy, or hormono­
therapy, those who were pregnant or lactating were excluded 
from the study. The procedures followed in this study were in 
accordance with the Helsinki Declaration. Demographic char­
acteristics of the patients and histopathological properties of 
the tumors were recorded. 
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Purpose: The impact of time of surgery based on the menstrual 
cycle is a controversial issue. Two decades after the first interest 
in this topic, a number of studies with conflicting results have not 
helped to resolve this problem. This study aimed to prospective-
ly evaluate the impact of timing of surgery based on the menstrual 
cycle on survival rates of breast cancer patients, and various 
clinical and hormonal classifications of the menstrual cycle were 
compared in order to determine the phase of the menstrual cycle 
which showed the highest degree of surgical survival. Methods: 
Premenopausal breast cancer patients treated with curative sur-
gery between 1998 and 2002 were prospectively included in this 
study. Patients were divided into different groups according to 
the first day of their last menstrual cycle using three different 
classifications (clinical, Hrushesky, Badwe), and were also grouped 
according to their serum hormone levels. Serum levels of follicle 
stimulating hormone, luteinizing hormone, estrogen, and proges-
terone were measured on the day of surgery. Results: Ninety 

patients were included in the study. Median follow-up time was 
90 months. Nineteen patients (21.1%) had loco-regional recur-
rence and/or distant metastases while 12 patients (13.3%) died 
during follow-up. Five-year (78.6% vs. 90.6%) and 10-year (66.7% 
vs. 90.6%) disease-free survival (DFS) rates of patients in the 
clinically defined follicular phase were significantly decreased 
compared to luteal phase. On the other hand, hormonally deter-
mined phases of the menstrual cycle and grouping of patients 
according to clinical classifications did not show an impact on 
prognosis. Conclusion: In the current study performing surgery 
in the follicular phase of the menstrual cycle decreased DFS in 
premenopausal patients. According to these results, performing 
surgery during the luteal phase of the menstrual cycle might have 
a beneficial effect on survival.
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In order to evaluate the impact of menstrual cycle timing  
of surgery on survival, patients were clinically divided into 
groups according to the first day of their last menstrual cycle 
using three different classifications [2-4]. Groups formed  
according to these classifications were as follows: 1) follicular 
(days 0-14) and luteal (days 15-28) (clinical), 2) perimenstrual 
(days 0-6 and 21+) and mid-cycle (days 7-20) (Hrushesky), 3) 
estrogen effect (days 3-12) and other days (Badwe). In order 
to group patients according to their hormonal status, serum 
levels of follicle stimulating hormone, luteinizing hormone 
(LH), estrogen, and progesterone were measured on the day 
of surgery only. Patients with estrogen levels > 100 pg/mL and 
LH levels > 10 mIU/mL were deemed to be in the ovulatory 
phase, whereas patients with progesterone levels > 2.5 ng/mL 
were deemed to be in the luteal phase. The remaining patients 
were deemed to be in the follicular phase.

Patient’s age, disease stage, tumor size and grade, axillary 
status, estrogen and progesterone receptor status, timing of 
surgery in the menstrual cycle, adjuvant chemotherapy, radio­
therapy, and hormonotherapy were evaluated as possible prog­
nostic factors affecting disease-free survival  (DFS) and overall 
survival (OS). 

Patients were followed up at 3-month intervals for the first  
2 years and at 6-month intervals between 2 to 5 years. A thor­
ough history was taken and physical examination, liver func­
tion tests and tumor markers were performed at every visit. 
Mammography and breast ultrasonography were performed 
annually. Further investigative studies were carried out accord­
ing to the complaints of the patients. The time to local recur­
rence, distant metastases, and death were calculated from the 
day of initial surgery to the last follow-up, or to the occurrence 
of the relevant event. 

Statistical analysis
Survival estimates were determined using the Kaplan-Meier 

method. Univariate analysis for prognostic factors affecting 
DFS and OS was performed with a log-rank test. Cox stepwise 
regression analysis was used to determine the independent 
prognostic factors affecting DFS and OS. The frequencies of 
different variables in two patient groups were compared with 
Pearson’s chi-square or Fisher’s exact tests, as appropriate. Sta­
tistical analyses were performed with SPSS version 15.0 statis­
tical software package (SPSS Inc., Chicago, USA). All of the 
tests applied were two-tailed, and the level of significance was 
accepted as being significant when p< 0.05.

RESULTS

Ninety female patients with a median age of 41 years (range, 

24-52 years) were included in the study. Patients’ clinical char­
acteristics as well as the treatment methods are shown in Table 
1. There were 58 patients (64%) in the clinically defined follicu­
lar phase and 32 patients (36%) in the clinically defined luteal 
phase, whereas the number of patients in hormonally defined 
follicular and luteal phases were 50 (56%) and 40 (44%), respec­
tively. In addition, according to Hrushesky’s classification, 49 
patients (54%) were perimenstrual and 41 patients (46%) were 
in the mid-cycle phase. According to Badwe’s classification, 47 
patients (52%) were in the estrogen effect phase whereas 43 
patients (48%) were not. The distribution of clinical and histo­
pathological characteristics of patients of these groups is shown 
in Table 2. There were no statistically significant differences  
between groups regarding these parameters. 

Median follow-up time of the patients was 90 months (range, 
9-141 months). Nineteen patients (21.1%) had loco-regional 
recurrence and/or distant metastases while 12 patients (13.3%) 
died during follow-up. Five-year and 10-year DFS rates were 
83.1% and 75.5%, respectively. DFS estimates of the patients 
according to groups are shown in Table 3. On the other hand, 
5-year and 10-year OS rates were 88.2% and 85.5%, respectively. 
OS estimates of patients according to groups are shown in  
Table 4.

When the prognostic factors affecting DFS were evaluated, 
the 5-year (78.6% vs. 90.6%) and 10-year (66.7% vs. 90.6%) 
DFS of patients in the clinically defined follicular phase was 
less than those of the luteal phase. The difference between the 

Table 1. Clinical and histopathological characteristics of the patients

Characteristic No. (%)

Stage
I 20 (22)
IIA 27 (30)
IIB 21 (23)
IIIA 22 (25)

Axillary lymph node metastases
Negative 44 (49)
Positive 46 (51)

Hormone receptor (ER/PR)
Positive 66 (73)
Negative 24 (27)

Tumor grade
I 16 (19)
II 39 (46)
III 30 (35)

Surgery
Modified radical mastectomy 74 (82)
Breast-conserving surgery 16 (18)

Chemotherapy
Yes 60 (67)
No 30 (33)

ER=estrogen receptor; PR=progesterone receptor.
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two groups of patients was statistically significant (p< 0.05) 
(Figure 1). Similarly, 5-year (81.7% vs. 84.9%) and 10-year 
(71.2% vs. 82.1%) DFS of the patients in hormonally defined 
follicular phase decreased compared to those of the luteal 
phase. However, the difference between the two groups of  
patients did not reach statistical significance (Figure 1). In ad­
dition, 5-year (85.3% vs. 81.3%) and 10-year (79.3% vs. 72.8%) 
DFS rates of the patients grouped as being in the mid-cycle 
phase according to the classification system of Hrushesky was 
higher compared to those in the perimenstrual phase, al­
though this difference was not statistically significant (Figure 
1). Patients who underwent operation in the estrogen effect 
phase according to Badwe had worse 5-year (78.6% vs. 90.6%) 
and 10-year (66.7% vs. 90.6%) DFS rates compared to those 
who underwent operation on other days, but the difference 

was not statistically significant (Figure 1).
When the prognostic factors affecting OS were evaluated, 

5-year (85.3% vs. 93.4%) and 10-year (81.0% vs. 93.4%) OS of 
patients in the clinically defined follicular phase was less than 
those of the luteal phase, however, the difference between the 
two groups of patients was not statistically significant (Figure 
2). Similarly, 5-year (85.2% vs. 92%) and 10-year (80.6% vs. 
92.0%) OS of patients in the hormonally defined follicular 
phase decreased compared to those of the luteal phase, though 
the difference between the two groups of patients was not  
determined to be statistically significant (Figure 2). In addi­
tion, 5-year (92.2% vs. 84.8%) and 10-year (88.8% vs. 82.6%) 
OS rates of patients grouped as being in the mid-cycle phase, 
according to the classification system of Hrushesky, was high­
er than those determined to be in the perimenstrual phase,  

Table 2. Distribution of the clinical and histopathological characteristics of the patients in the groups

Characteristic
Clinical Hormonal Hrushesky Badwe

F L p-value F L p-value PM MC p-value EE OD p-value

Stage
I 11   9 12   8   9 11   9 11
IIA 18   9 12 15 15 12 16 11
IIB 14   7 14   7   9 12 10 11
IIIA 15   7 NS 12 10 NS 16   6 NS 12 10 NS

Axillary lymph node
Negative 28 16 22 22 21 23 24 20
Positive 30 16 NS 28 18 NS 28 18 NS 23 23 NS

Hormone receptor  
Positive 45 21 40 26 39 27 34 32
Negative 13 11 NS 10 14 NS 10 14 NS 13 11 NS

Tumor grade
I 10   6   8   8   6 10   8   8
II 21 18 20 19 23 16 17 22
III 23   7 NS 19 11 NS 17 13 NS 19 11 NS

F=follicular; L= luteal; PM=perimenstrual; MC=mid-cycle; EE=estrogen effect; OD=other days.

Table 3. Disease-free survival (DFS) of the patients according to the 
phases of the menstrual cycle

Recurrence or metastasis
No. (%)

5-year DFS 
(%)

10-year DFS 
(%)

Clinical
Follicular 16 (17.8) 78.6 66.7
Luteal 3 (3.3) 90.6 90.6

Hormonal
Follicular 12 (20) 81.7 71.2
Luteal 7 (7.8) 84.9 82.1

Hrushesky
Perimenstrual 11 (12.2) 81.3 72.8
Mid-cycle 8 (8.9) 85.3 79.3

Badwe
Estrogen effect 13 (14.4) 80.7 66.4
Other days 6 (6.7) 85.7 85.7

Table 4. Overall survival (OS) of the patients according to the phases of 
the menstrual cycle

Recurrence or metastasis
No. (%)

5-year OS 
(%)

10-year OS 
(%)

Clinical
Follicular 10 (17.8) 85.3 81.0
Luteal 2 (3.3) 93.4 93.4

Hormonal
Follicular 9 (20) 85.2 80.6
Luteal 3 (7.8) 92.0 92.0

Hrushesky
Perimenstrual 8 (12.2) 84.8 82.6
Mid-cycle 4 (8.9) 92.2 88.8

Badwe
Estrogen effect 8 (14.4) 86.8 81.9
Other days 4 (6.7) 90.0 90.0
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although this difference was not statistically significant (Figure 
2). Patients grouped in the estrogen effect phase according to 
Badwe had worse 5-year (86.8% vs. 90.0%) and 10-year (81.9% 
vs. 90.0%) OS rates compared to those undergoing operation 
on other days (Figure 2).

Besides the groups formed according to the phases of the 
menstrual cycle, various other factors were also found to have 
prognostic values (Table 5). Disease stage (p= 0.040), tumor 
grade (p = 0.006), and the presence of axillary metastases 
(p= 0.020) had a significant effect on DFS. Similarly, disease 
stage (p= 0.001), tumor grade (p= 0.005), and the presence of 
axillary metastases (p = 0.010) affected OS significantly. In 
contrast, hormone receptor status did not significantly affect 
either DFS or OS. 

DISCUSSION

The relationship between time of surgery based on menstrual 

cycle and survival in breast cancer patients has been studied 
previously with conflicting results. Several studies supported 
the impact of time of surgery in the menstrual cycle and the 
results appeared to favor surgery in the luteal phase [2-7]. 
There are a few reasons for the conflicting results reported in 
previous studies. In the majority of these studies, information 
regarding patient’s menstrual cycle was collected retrospec­
tively from files or databases. Menstrual cycle data depending 
on patient records only is less valuable, since collecting this 
data is not the primary aim of the physician. In addition, only 
a few studies included an adequate number of patients and 
some of these studies were dependent on population based 
databases [8-12]. Finally, phases of the menstrual cycle were 
not standardized in previous studies. Menstrual cycles were 
divided in various different ways, which makes it difficult to 
compare these studies. Hormonal classification of the men­
strual cycle was utilized in only one previous study [9]. The 
rather smaller numbers of patients included in the current 

Figure 1. Disease-free survival plots of the patients grouped according to various phases of the menstrual cycle (A) clinical classification, (B) hormonal 
classification, (C) Hrushesky classification, (D) Badwe classification.
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study could be expected to affect the results. However, the 
current study has overcome a number of negative aspects of 
previous studies. In order to minimize the pitfalls in the meth­
odology, patients in this study were included prospectively 
and data on the menstrual cycle was recorded on the day of 
surgery. Prospective design of the current study enabled us to 
depict a significant difference in DFS, which was in favor of 

Table 5. Prognostic factors affecting disease-free survival (DFS) and 
overall survival (OS)

Variable
p-value*

DFS OS

Disease stage 0.040 0.001
Axillar lymph node status 0.020 0.010
Clinical menstrual phase 0.047 0.160
Tumor grade 0.006 0.005
Hormone receptor status 0.880 0.870

*Cox-regression.

performing surgery in the luteal phase. Additionally, patients 
were grouped clinically in several ways according to the phases 
of the menstrual cycle. In addition, serum hormone levels 
were used to support clinical data. Thus, previously reported 
clinical and hormonal classifications of the menstrual cycle 
were compared and clinical division of the menstrual cycle 
according to the first day of the last menstrual cycle into fol­
licular and luteal phases was found to be the most effective 
system of grouping the patients. On the other hand, hormon­
ally determined phases of the menstrual cycle did not show 
an impact on prognosis. When patients were classified hor­
monally rather than clinically, an 8% difference was detected 
in groupings, and this difference is the main reason for the 
statistically insignificant results obtained by comparison of 
these groups. Previously, a rate of 16% of misclassification was 
reported between menstrual cycle history and serum hormone 
levels for determining the exact phase of the menstrual cycle 
[13]. The use of selected hormone levels to determine the 

Figure 2. Overall survival plots of the patients grouped according to various phases of the menstrual cycle (A) clinical classification, (B) hormonal clas-
sification, (C) Hrushesky classification, (D) Badwe classification.
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phases of the menstrual cycle might have a role in this dispar­
ity. Besides, grouping patients according to the classification 
systems of Hrushesky [2] and Badwe [4] was not found to 
have an impact on prognosis, although these classifications 
were previously reported to affect the prognosis. 

Previous studies on the impact of time of surgery in the men­
strual cycle had been based on the animal studies, which had 
implicated an easier spread of tumor cells to distant organs  
under conditions of elevated estrogen. Although the exact 
mechanisms playing a role in the outcome of surgery during 
the different phases of the menstrual cycle are not well known, 
several possible hypotheses have been posed. Since the impact 
of the time of surgery during the menstrual cycle is indepen­
dent of hormone receptor status, hormones can be accepted 
to not have a direct effect on breast cancer progression [4,8]. 
The immune system should be the mediating mechanism  
between surgery, hormones of the menstrual cycle, and the 
spread of disease. Adrenergic stimulation occurring during 
surgery and anesthesia has a suppressive effect on the immune 
system, especially on natural killer cells. The immunosuppres­
sive effect was shown to be more prominent in the follicular 
phase under the influence of estrogen in animal studies [14,15]. 
Suppression of the immune system in the perioperative period 
may accelerate the spread of tumor cells released into the cir­
culation prior to or during surgery. This phenomenon may 
result in distant metastases decreasing the survival of the pa­
tients.

In a recent review, 35 previous studies including 9,665 patients 
were evaluated [1]. Almost all of the studies (33/35, 94.3%) 
were retrospectively designed. The time of surgery in the men­
strual cycle was reported to have a prognostic effect within 15 
studies (42.9%) including one prospective study [11]. Perform­
ing surgery in the follicular phase of the menstrual cycle was 
shown to have a negative prognostic impact in most of these 
studies (11/15, 73.3%). 

Hrushesky et al. [2] reported the first clinical study on this 
topic in 1989. In this retrospective study, 44 breast cancer pa­
tients were evaluated, and patients having surgery in the peri­
menstrual phase had a decreased rate of survival compared to 
those operated on mid-cycle [2]. Similarly, Badwe et al. [4] 
studied the same topic, including 294 patients using a different 
classification of menstrual cycle phases. This study reported a 
worse 10-year survival for patients having surgery between 
days 3 to 12 when levels of estrogen were higher [4]. This  
effect was more prominent in patients with tumors < 2 cm 
and axillary lymph node metastases and was independent of 
hormone receptor status [4].

Later, Veronesi et al. [8] reported a thoroughly analyzed  
series with a long follow-up time including 1,175 patients. 

Timing of surgery was found to be related to patient outcome 
in this study, and performing surgery in the luteal phase was 
found to prolong survival. This effect was independent of  
hormone receptor status and was restricted to node positive  
patients [8]. In addition, Kroman et al. [10] evaluated patients 
of a Danish national database in their study. This study, in­
cluding 1,635 patients, contained the highest number of patients 
of any study. Timing of surgery in the menstrual cycle was  
reported not to have an impact on prognosis. However, the 
retrospective nature of data collection may have affected the 
results of this study as described above. In contrast to other 
previous studies, Pujol et al. [9] determined the patients’ men­
strual phase prospectively studying collected serum samples 
from 360 patients. It was assumed that hormonal classification 
of the patients would be more accurate than clinical classifica­
tion in this study. However, timing of surgery in the menstrual 
cycle was reported to have no prognostic influence, after patient 
stratification according to lymph node status. Similarly, in the 
current study, hormonal classification of the patients was found 
to have no impact on survival.

In conclusion, in the current study patients were followed 
post surgery for more than 7 years, and performing surgery in 
the follicular phase (days 0-14) of the menstrual cycle showed 
a strong tendency to decrease DFS in premenopausal patients. 
As the follow-up time increased, a similar decrease in OS for 
patients operated under estrogen influence might be expected. 
According to these results, performing surgery during the  
luteal phase (days 15-28) of the menstrual cycle might have a 
beneficial effect on survival. Hence, we further conclude that 
surgery for breast cancer patients could be postponed until 
the luteal phase (days 15-28) of the menstrual cycle, where 
feasible. In addition, hormonotherapy might have a potential 
role in counteracting unopposed estrogen during the follicular 
phase in patients with hormone-dependent tumors. However, 
due to the rather smaller number of patients included in the 
study, the results should be considered with caution, and further 
studies which suitably appreciate the potential disparity in 
menstrual phase estimation, should be carried out.
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