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Summary

Purpose: The aim of the study was to evaluate the severity of systemic responses to trauma; and thus, to determine the most advanta-
geous timing for surgery among different phases of the menstrual cycle. Materials and Methods: 99 women were included in this study.
They were patients who were in the postmenopausal period and patients in the different menstrual cycle phases of the premenopausal
period. C-reactive protein, interleukin-14, interleukin-6 and tumor necrosis factor-a levels were measured before and after surgery. Re-
sults: Among the menstrual cycle phases, the highest increases in the concentrations of IL-6 and TNF-« during the postoperative period
were found in follicular phase patients. Luteal phase patients showed the lowest increases in interleukin-1/3 and interleukin-6 levels.
TNF-« and CRP levels were increased significantly in all phases but not in the luteal phase. Conclusion: Timing of surgery in pre-
menopausal patients seems effective on systemic inflammatory responses to trauma. Performing the operation based on the timing of the
menstrual cycle will minimize the risk of operative trauma among premenopausal patients. This may be beneficial for their well-being.
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Introduction

In women, breast cancer is the most common malig-
nancy and the second leading cause of death by cancer [1].
The multidisciplinary approach is a very important part of
planning treatment for breast cancer patients. Many param-
eters of the patient and the disease are evaluated by this ap-
proach and the most suitable surgical option is provided to
the patient. The modified radical mastectomy is currently
the most traumatic surgical technique. Many other stud-
ies have suggested that trauma is an inflammatory disease
and that various mediators in inflammatory response are el-
evated in severe trauma patients [2]. Hrushesky ef al. pro-
posed that menstrual timing of breast cancer surgery had a
great impact on the survival of patients [3]. Following these
studies, the influence of timing of breast cancer surgery and
menstrual cycle on disease-free survival and overall sur-
vival were investigated; however, it still remains theoretical
[1].

17 p-estradiol levels vary in different phases of the men-
strual cycle. The roles of estrogen and estrogen-receptor
agonists for maintaining functions of organs are more im-
portant in the posttraumatic period. Moreover, it has been
known that sex steroids modulate posttraumatic cardiovas-
cular responses. Sex steroids regulate inflammatory cy-
tokines and contribute to the protection of multiple organs
following a traumatic event. Therefore, altering and mod-
ulating the hormonal milieu during an injury are new ther-
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apeutic options to get better outcomes for wound healing
[4]. While some studies have claimed that this provides
an advantage for women, the response of the patient after
trauma and sepsis should be evaluated [4, 5]. The reasons
for different results found in the literature may be related to
the unknown hormonal status of patients during a traumatic
event.

In this study, systemic responses to trauma were com-
pared between premenopausal and postmenopausal patients
with different estrogen levels who underwent a modi-
fied radical mastectomy by evaluating C-reactive protein
(CRP), tumor necrosis factor-a (TNF-«), interleukin (IL)-
13 and IL-6 levels.

Materials and Methods

The study was conducted between February 2009 Febru-
ary 2010 in Kocaeli University Hospital. After obtain-
ing ethics approval from Kocaeli University Clinical Re-
search Ethics Committee (2008/69), 99 female patients
who underwent modified radical mastectomy due to breast
cancer were included in the study. All participants in
the study provided informed consent. Mean age of pre-
menopausal patients (n = 62) was 42.1 + 1 years old, and
mean age of postmenopausal patients (n = 37) was 59.1
+ 2 years old. Birth dates and last menstrual periods
of all patients were recorded and their gonadotropin lev-
els were measured. The patients were classified as pre-
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menopausal and postmenopausal. Our main goal was not
to compare premenopausal patients with postmenopausal
patients, but to determine the differences in response to
trauma in the menstrual cycle phases of premenopausal pa-
tients. Therefore, we did not consider age distribution. Pre-
menopausal patients were not taking oral contraceptives
and postmenopausal patients were not taking hormone re-
placement therapy. Patients using these were excluded
from the study during enrollment. On the other hand,
menstrual cycle periods (follicular phase, ovulatory phase,
luteal phase and menstruation phase) were determined ac-
cording to the last menstrual period of premenopausal pa-
tients with regular menstruation. Patients with irregular
menstruation were not included in the study. No postop-
erative problems were detected in any patients postopera-
tively. If developed, they are excluded.One day before and
one day after surgical operations, blood samples of all pa-
tients were collected. Serum IL-173, IL-6, TNF-« levels
and CRP were measured at the Department of Clinical Bio-
chemistry in Kocaeli University Hospital. Plasma levels of
IL-1, IL-6 and TNF-a were measured by Enzyme Linked
Immunosorbent Assay (ELISA) Kit (Invitrogen, ABD) in
MicroELISA device (DSX™Four-Plate Automated ELISA
Processing System, Dynex Tecnologies, Virginia, ABD) us-
ing ELISA method. CRP was measured by nephelometric
method in Immage 800 device (Beckman Coulter, USA)
using ready commercial test kits.

Results of each group are shown as mean + standard
error of the mean (SEM). Appropriate parametric or non-
parametric test was selected according to the distribution of
data and statistical analysis was made by GraphPad Prism
3.0 program. p < 0.05 indicated statistical significance.

Results

Gonadotropin levels of premenopausal and post-
menopausal patients are shown in Figure 1.
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Figure 1. — Preoperative serum gonadotropin levels pre-

menopausal patients (n = 62); postmenopausal patients (n = 37)
***p < 0.001

Postoperative levels of IL-13, IL-6 and TNF-« were

found to be significantly increased compared to preop-
erative levels in postmenopausal patients (***p < 0.001)
(Figure 2). Moreover, statistically significant increases
were found in postoperative levels of IL-6, TNF-a (***p
< 0.001) and IL-15 (*p < 0.05) compared to preoperative
levels in premenopausal patients (Figure 2).

CIIL-1 PreOp
EEEITL-1 PostOp

116 Pre!
C1T-6 Pﬂs%p

ESY TNF-oPreOp
EER TNF-oPostOp

*hw, b,

404 *kw, @
—

309

* %k

pg/ml
[
=

104

o) e .

Post-Menopausal Patients &

sl

B

Pre-Menopausal Patients

Figure 2. — Serum IL-17, IL-6 and TNF-« levels measured in
all patients. (PreOp: preoperative; PostOp-: postoperative) pre-
menopausal patients (n = 62); postmenopausal patients (n = 37)
*p < 0.05; ***p < 0.001; * IL-6; PostOp-Postmenapozal pa-
tients vs. Premenopausal patients (°p < 0.01); *TNF-a; PreOp-
Postmenapozal patients vs. Premenopausal patients (°p < 0.01);
¢ TNF-a; PostOp-Postmenapozal patients vs. Premenopausal pa-
tients (“p < 0.001).

When preoperative cytokine levels were compared be-
tween both patient groups there were no statistically signif-
icant differences for IL-1/3 and IL-6 levels, but there was
statistically significant difference for TNF-« level. When
postoperative cytokine levels were compared between each
patient group, postmenopausal patients were found to have
significantly higher IL-6 (“p < 0.01) and TNF-« levels (°p
< 0.001) (Figure 2). IL-13, IL-6 and TNF-« levels were
evaluated according to the menstrual cycle phases in pre-
menopausal patients.

The cytokine increases in the postoperative period were
also assessed compared to the preoperative period. The
level of IL-13 was only increased significantly in ovulatory
phase patients (*p < 0.05). The increases in IL-6 levels in
all four phases were statistically significant (*p < 0.05,"*p
< 0.01). The TNF-« level was increased significantly in all
phases but not in the luteal phase (p > 0.05 for luteal phase;
p <0.05 for other phases) (Figure 3).

Among the menstrual cycle phases, the highest postop-
erative IL-6 (8.155 4 2.115 pg/mL) and TNF-« (28.590 +
1.650 pg/mL) levels were observed in follicular phase pa-
tients and the highest increases in the concentrations of IL-6
(5.762 £ 1.265 pg/mL) and TNF-a (16.18 £ 1.849 pg/mL)
during postoperative period were found in follicular phase
patients (Figure 3).

In the postoperative period compared to preoperative,
the smallest increases in IL-153, IL-6 and TNF-« levels
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Figure 3. — Serum IL-18, IL-6 and TNF-« levels measured pre-
and postoperatively in premenopausal patients. (PreOp: preop-
erative; PostOp: postoperative) *p < 0.05; ***p < 0.01; ***p <
0.001; * TNF-a; PostOp-Follicular phase vs. Luteal phase and
Menses phase (“p < 0.001); ® TNF-o; PostOp-Ovulatory phase
vs. Luteal phase (°p < 0.001); ¢ TNF-a; PostOp-Menses phase
vs. Ovulatory phase and Luteal phase (°p < 0.05).

(0.125 +0.337, 2.827 £ 0.7296, 0.290 £ 1.022 pg/mL, re-
spectively) were determined to be in the luteal phase com-
pared to the other phases; however, these values were not
statistically significant (Figure 3).

TNF-« levels in the postoperative follicular phase were
significantly higher than postoperative luteal and menstrual
phases (“p < 0.001). TNF-« levels in postoperative ovu-
latory phase were significantly higher than the postopera-
tive luteal phase (°» < 0.001). Moreover, TNF-« levels in
the postoperative menstrual phase were found to be signif-
icantly higher than the postoperative ovulatory and luteal
phases (°p < 0.05) (Figure 3).

The increases in CRP levels in the postoperative period
were assessed in comparison with the preoperative period.
In all patients, CRP levels were observed to be increased
significantly in the postoperative period compared to the
preoperative period (***p < 0.0001). Postmenopausal pa-
tients had significantly higher preoperative CRP values than
premenopausal patients (*p < 0.0001). When the increase
in CRP in the postoperative period was compared, it was
determined that it was increased more in postmenopausal
patients and this increase was statistically significant (°p <
0.0001) (Figure 4).

When preoperative CRP levels were compared between
the phases, no statistically significant differences were
found. Among the menstrual cycle phases, CRP levels were
increased significantly in the postoperative period com-
pared to the preoperative period in all phases except the
luteal phase (p > 0.05 for luteal phase; p < 0.05 for other
phases). When postoperative CRP levels were compared
between the phases, a statistically significant difference was
detected in all phases (“p < 0.01) (Figure 5).

Discussion

Following a surgical trauma, such as a modified radi-
cal mastectomy, the inflammatory response consists of hor-
monal, metabolic and immunological compounds.The ex-
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Figure 4. — Serum CRP levels measured in all patients. (PreOp:
preoperative; PostOp: postoperative) premenopausal patients (n
= 62); postmenopausal patients (n = 37) ***p < 0.0001; “CRP;
Preop-Postmenopausal vs. Premenopausal (°p < 0.0001); ® CRP;
PostopPostmenopausal vs. Premenopausal (°p < 0.0001).
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Figure 5. — Serum CRP levels measured in menstrual cycle
phases. (PreOp: preoperative; PostOp: postoperative). *p <
0,0214; **p < 0,0011; ***p < 0,0006; * CRP; Postop-Follicular
phase vs. Luteal phase (“p < 0.01).

tent of the inflammatory response correlates with the sever-
ity of tissue damage. There is a delicate balance between
proand anti-inflammatory mediators following a trauma or
uncomplicated surgery [6].

TNF-q, IL-1q, and IL-13 are called “alarm cytokines”
which initiate the inflammatory process. Following a
trauma, the increase of IL-14 is higher than IL-1c. IL-1 and
TNF-« also stimulate the production of both themselves
and each other, thereby increasing the rate of inflammatory
response. Many cytokines such as IL-15 and TNF-« stim-
ulate IL-6 synthesis and its secretion in serum and differ-
ent tissue types. IL-13 and IL-6 are responsible for sys-
temic effects such as stimulating acute phase reactions and
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increasing hypothalamo-hypophyseal axis activity. Serum
IL-6 level is determinative for a systemic inflammatory re-
sponse because it is directly proportional with trauma and
severity of inflammation [2, 7]. Zabihi ef al. evaluated the
effect of drugs on inflammation with TNFa, IL 6 and IL1j3
levels [8].

CRP is a commonly used marker of acute-phase inflam-
matory response. The control of CRP is regulated primarily
by the effect of IL-6 on the transcription of CRP gene. The
plasma CRP concentration rapidly increases in response to
acute inflammation, infection, and tissue damage [9]. CRP
levels increase in the first days after surgery [10]. More-
over, circulating levels of CRP are also elevated during in-
fectious diseases, cardiovascular diseases, diabetes, chronic
inflammatory diseases, inflammatory bowel diseases, au-
toimmune disorders, arthritis, and many cancers. Circulat-
ing CRP levels in healthy people can vary from 0.1 to 10
mg/l [9]. In our study, we benefited from these cytokines
and CRP that indicate inflammation.Clinical studies have
shown that premenopausal women have lower pneumonia,
sepsis and multi-organ failure incidence than men follow-
ing a traumatic event [11, 12]. Frink et al. reported that
females had a lower incidence of impaired organ function
and sepsis associated with lower levels of IL-6 and IL-8
among polytraumatized patients [13].

Other studies reported an increase in proinflammatory
serum markers (IL-6, IL-1 and TNF-«)) without trauma af-
ter menopause and suggested that changes in the immune
system were associated with estrogen deprivation with age
in the postmenopausal women [14, 15]. Healthy post-
menopausal females exhibit substantially greater IL-6 re-
sponses to acute stress [16]. Unlike these studies, our pa-
tients were diagnosed with breast cancer and were subjected
to surgery. In this study, we determined that preopera-
tive TNF-« and CRP values were already higher in post-
menopausal patients compared to premenopausal patients.
We also observed that postmenopausal patients had more
severe systemic inflammatory responses and more aggres-
sive increases in IL-173, IL-6, TNF-« and CRP levels than
premenopausal patients following a modified radical mas-
tectomy procedure. This was suggested to be associated
with concomitant chronic diseases and low estrogen and
progesterone levels in postmenopausal patients.

Hrushesky et al. claimed that timing of breast cancer
surgery at different phases of menstrual cycle was important
for the survival of patients [3]. They also stated that pre-
menopausal breast cancer patients, who underwent surgery
in the luteal phase of their menstrual cycles, had better
disease-free survival and overall survival outcomes than pa-
tients who underwent surgery in other phases of the men-
strual cycle [3, 17]. Although some studies supported this
hypothesis [18, 19], other studies claimed that there was no
effect of phase of the menstrual cycle on postsurgical out-
comes [1, 20]. Alternatively, some studies demonstrated
that patients in the follicular phase had better outcomes [21,
22].

The great differences between the studies in the litera-
ture are mostly caused by differences in their methodolo-
gies. Most studies in the literature were retrospective in
nature [17]. In this prospectively planned study, the phases
of the menstrual cycle were confirmed by the date of the
last menstrual cycle and by measuring gonadotropin levels.
The effects of surgical timing according to the phases of
the menstrual cycle were evaluated by determining CRP,
IL-15, IL-6 and TNF-« levels.

Although traumatic events impair functions of organs, it
has been claimed that application of a single dose of estra-
diol (E2) normalizes the organ functions [4]. E2 exerts its
effects through a and /3 subunits of estrogen receptors (ER)-
« and -8 [5]. It has been shown that tissue-specific sub-
types of ER are expressed in various tissues. For instance,
ER-a is found in the bowel and particularly in liver and
ER-a mediates functions of macrophages and immune cells
[4, 23]. In studies focused on T cells, it has been reported
that ER-a plays a dominant role in executing physiologi-
cal effects of E2. ER-a possibly carries out this role via
normalizing signal pathways of MAPK, NF-xB, and AP-1.
MAPK family induces a serial transcription factor activa-
tion and it is involved in the expression of pro-inflammatory
and anti-inflammatory cytokines such as IL-6, TNF-«, and
IL-10 [24]. All these data explain the increased systemic
response in postmenopausal patients after trauma in our
study. IL-13, IL-6, TNF-« and CRP levels were higher
in postmenopausal women who had lower estrogen levels.
Previous studies have shown that sex steroids can affect ex-
pression of chemokine/adhesion molecules; and therefore,
they can affect accumulation of neutrophiles within the tis-
sues. Heat shock proteins, heat shock factor 1 and peroxi-
some proliferator activate the receptor «y coactivator 1 regu-
lated by estrogen receptors; and consequently contributes to
the protection of a post-traumatic organ.Sex steroids regu-
late inflammatory cytokines and affect morbidity and mor-
tality [4]. In one study, it has been claimed that proges-
terone, which is increased during the luteal phase of the
menstrual cycle, acts as an anti-proliferative and provides
an advantage for survival [25].

In this study, the timing of surgical treatment among
premenopausal patients was found to have an affect on
systemic responses to trauma and as it showed alterations
in CRP, IL-13, IL-6 and TNF-« levels. When preoper-
ative cytokines and CRP levels were compared between
the phases, no statistically significant differences were ob-
served. This outcome was associated with the comparable
ages of the patients in all groups.

Among the menstrual cycle phases, the highest postop-
erative IL-6, TNF-a and CRP levels were observed in fol-
licular phase patients and the highest increases in the lev-
els of IL-6, TNF-a and CRP during postoperative period
were also seen in follicular phase patients. Although TNF-
« and CRP levels were increased in all phases, the increase
in luteal phase was not statistically significant. When post-
operative CRP levels were compared between all phases,
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the only statistically significant difference was found in fol-
licular phase compared to luteal phase.

Considering these findings in the context of response to
trauma, the most disadvantageous phase was determined to
be follicular phase and the most advantageous phase of the
menstrual cycle was luteal phase. In luteal phase, both es-
trogen and progesterone levels are high and together they
act synergistically [26]. Although it was statistically sig-
nificant, the increase in the level of IL-6 was the least dur-
ing the luteal phase compared to the other phases. The in-
creases in IL-15 and TNF-« levels remained lowest in the
luteal phase and they were not statistically significant.

There are some limitations in our study. Since breast
cancer mostly occurs at older ages, the majority of the pa-
tients in this study were in the postmenopausal period and
there was a smaller number of premenopausal patients.

Therefore, the number of patients in both groups was not
equal and the age distribution was different. Estrogen and
progesterone levels were not measured in premenopausal
patients because of their regular menstruation cycles. How-
ever, the measurement of estrogen and progesterone levels
would make the study results more reliable.

Conclusion

In the present study, systemic response to trauma dur-
ing different phases of the menstrual cycle in breast can-
cer patients was evaluated with cytokine levels. Based on
our findings, luteal phase was found to be the most advan-
tageous phase to plan operative treatment strategy and to
get a better response to trauma due to increased levels of
both estrogen and progesterone. Therefore, we recommend
to delay the operation to the luteal phase if the case is not
urgent. Future prospective studies are also needed to sup-
port this hypothesis in premenopausal patients who need
surgery. The effect of the timing of surgery on prognosis
according to the menstrual cycle needs to evaluate cytokine
levels.
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