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Influence of chemotherapy to hormonal levels in postmenopausal
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Targeting and tailoring of therapy is the latest trend in breast cancer treatment. The efficacy of the available treatment
must be estimated and the probable benefit for the patient determined.

The aim of this project was to find out wether also in postmenopausal women chemotherapy can affect hormonal levels
in serum and if even the levels of IGF-1 and IGFBP-3 can be changed. In the group of 72 postmenopausal breast cancer
patients blood samples were taken before, during and after adjuvant chemotherapy and levels of estradiol, progesterone, LH,
FSH, IGF-1 and IGFBP-3 were evaluated. We did not find any statistically significant dependence on tumor stage, expression
of hormonal receptors or HER-2 and treatment regimen with studied hormones.Serum levels before treatment in comparison
with status during treatment were significantly different in LH, FSH and progesterone value.

Hormone levels after the treatment in comparison with status during treatment were significantly different only in levels
of estradiol. Significant differences in all parameters were found except IGF-1. There was not any statistical dependence on
the menopausal gap, age, weight or type of chemotherapy. We can conclude, that also in postmenopausal women hormonal
changes can take part in the final effect of adjuvant treatment.
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The diagnosis of breast cancer presents several dilemmas
for the patients and the physicians. The efficacy of the avail-
able treatment must be estimated and the probable benefit for
the patient determined. Targeting and tailoring of therapy is
the latest trend in breast cancer treatment.

 The variability of survival is explained by differences in
tumor invasiveness, growth rate, metastatic potential and other
mechanisms that are not fully understood. To optimise treat-
ment for each patient several measurable factors available at
the time of diagnosis were determined, so called prognostic
and predictive factors. The expression of oestrogen receptors
is one of most important biomarker [1].

Systemic adjuvant therapy with hormonal treatment, che-
motherapy and targeted biological treatment are undoubtedly
related to the improvement of mortality from breast cancer.
Effective adjuvant systemic treatment improves relapse-free
and overall survival [2, 3]. It is known that chemotherapy in

premenopausal woman leads to hormonal deprivation, which
takes part on final effect of adjuvant treatment [2]. There is
not precise knowledge wether also in postmenopausal women
chemotherapy affects hormonal levels.

Epithelial breast cells are under the influence of a variety
of hormones and growth factor. However breast cancer cells
acquired the phenotype characteristic for malignancy (unregu-
lated proliferation, protection from cell death, and metastasis),
they continue to respond to extracellular signals. In addition
to estrogen, breast cancer responds to various stimuli includ-
ing growth factors and cytokines.

Estrogen receptors (ER) and progesterone receptors (PR)
are gene regulatory proteins and their stimulation by oestro-
gen and progesterone plays a well-established role in
mammary epithelial growth, differentiation and pathology.
Both steroid hormones are well known for their abilities to
modulate directly the expression of growth factor receptor
pathways. Receptor activation is regulated through its phos-
phorylation. Signal transduction pathways induced by growth
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factors and hormones may directly or indirectly regulate ste-
roid receptor function that can be affected also by epidermal
growth factors, heregulin and insuline-like growth factors
(IGF). IGF-1 and IGF-2 system performs multiple functions,
comprises a complex network of ligands, their cognate recep-
tors and binding proteins (IGFBP). IGF performs endocrine,
paracrine and autocrine roles mediated through the IGF re-
ceptor [4, 5, 6].

 IGF receptor has although a structure of heterodimeric
tyrosine kinase. Cellular responsiveness to IGFs is stimulated
by oestrogen. IGF has also been reported to activate ER. There
could be a cross talk between their pathways with mecha-
nisms not yet fully understood [7, 8].

In premenopausal patients chemotherapy can induce
amenorrhoea by causing ovarian failure. The raise of sur-
vival is partly caused by additional endocrine effect [9]. In
postmenopausal patients is depression of level of circulat-
ing oestrogen the most important feature of aromatase
inhibitors [10].

Measurement of serum levels of estrogen, progesterone,
FSH, LH, IGF-1 and IGFBP-3 could clarify the indirect ef-
fect of chemotherapy through the mediation of hormonal
action also in postmenopausal patients. Aim of our study is to
elucidate still unknown influence of chemotherapy on the
estrogen synthesis in this group.

Material and methods

Seventy-two postmenopausal patients after surgery for
breast cancer who has been designed to be treated by chemo-
therapy were asked to take part in this study. Age of them was
50-84 years with median 59 years. Patients were 2-34 years
after menopause, median 12 years. Characteristic of the group
based on TNM classification is in table 1., all patients were
M0.

All patients had infiltrating ductal carcinoma of different
grade: G1: 11, G2: 36 and G3: 25 patients.

All patients had ER, PR and HER-2 expression mea-
sured in tissue samples taken during surgery. Tissue HER-2
expression was assayed with the DAKO Company
Herceptest, expression of ER and PR was assayed
imunohistochemically with the DAKO murine antihuman
antibody CLONE 1D5 and CLONE PgR 636. The cut-off
for positivity of ER and PR is 10%. Results are summarised
in tables 2. and 3.

All patients treated by chemotherapy were of higher risk,
it means ER-, N+, T3, HER-2 3+. They were treated mostly
with antracycline containing regimens - doxorubicin plus cy-
clophosphamide 4 cycles, followed by docetaxel 4 cycles
(AC-T) or 5FU, doxorubicin, cyclophosphamide (FAC) 6
cycles or doxorubicin, cyclophosphamide (AC) 4 cycles (table
4.).

Blood sample of 5 ml was taken before chemotherapy, af-
ter the second or the third cycle and after finishing the
treatment.

The level of estradiol, progesterone, FSH, IGF-1 and
IGFBP-3 has been measured. FSH, estradiol and progester-
one are determined by ARCHITECT Chemiluminiscent
Microparticle Immunoassay ( ABBOTT USA) , LH was mea-
sured by ADVIA, CENTAUR Bayer system. The IGF-1 was
measured by immunoradiometric assay kit – IMMUNOTECH,
France. The DSL Insuline-like Growth Factor Binding Pro-
tein-3 (IGFBP-3) Immunoradiometric Assay Kit provided
materials for the quantitative measurement of IGFBP-3 in
serum.

Results were statistically analysed using either unpaired or
paired t-test or their non-parametric alternatives (Mann-
Whitney, Wicoxon). Spearman’s rank correlation coefficient
was used in correlation analyses.

Results

We compared levels of studied parameters before the treat-
ment with levels during (after 2nd cycle in patients treated by
AC regimen and after 3rd cycle in the rest of patients) and
after end of the treatment.

Results of serum hormonal levels in the treated group are
summarised in table 5.

Table 1. Characteristic of the group according to T and N

T and N Number of patients  (N=72)

T1c, N0 11
T1 any, N1 16
T2, N0 13
T2, N1 15
T3, N0 8
T3, N1 9

Table 2. Expression of hormonal receptors

receptor ER+ ER-

PR+ 29 2
PR- 5 36

Table 3. HER-2 tissue expression

HER-2 number

+ 22
++ 27
+++ 23

Table 4. Characteristic of the group according to chemotherapy regimens

regimen Number of patient

AC-T 19
FAC 6
AC 47
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We did not find any statistically significance between tu-
mor stage, expression of hormonal receptors or HER-2 and
treatment regimen with studied hormones. Serum levels be-
fore treatment in comparison with status during treatment were
significantly different in LH, FSH and progesterone values.

Hormone levels after the treatment in comparison with sta-
tus during treatment were significantly different only in levels
of estradiol – decrease -0,04 nmol/l (p <0,05) and IGFBP-3
where increase of average 0,46 mg/l (p <0,05) was found.

These results suggest that decrease in LH, FSH, and proges-
terone begins during treatment period and further lowering is
not significant. In contrast to this finding decrease of estra-
diol level and increase of IGFBP-3 was evident after therapy.
Levels of IGF-1 did not alter significantly, but the variance is
really wide and is not in association with the treatment. This
finding was confirmed by a non-parametric test.

Relationship between levels of monitored parameters be-
fore and during treatment to chemotherapy is from statistical
point of view positive in all active substances, the strongest
linkage was found in LH, FSH and IGF-1. The higher were
the values before treatment the higher the values during the
treatment were found (positive correlation). On the other hand,
negative correlation was found between IGFBP-3 values be-
fore treatment and their changes during the treatment. Thus,
the higher was the value before treatment the deeper decrease
during the treatment was found. There was not any linkage
between levels before and after treatment.

Spearman’s correlation coefficient of our results is
summarised in table 6. All values were statistically signifi-
cant (p<0,05 ).

We also evaluated relationship of hormonal levels to meno-
pausal gap. Significantly negative correlation was discovered
between this gap and LH (Spearman’s correlation coefficient
R=-0,27, R=-0,35, R=-0,39) and IGF (R=-0,35, R=-0,29, R=-
0,43) before during and also after chemotherapy. This means
that the larger the menopausal gap the lower the hormones
levels were found. The correlation increases as the period
between the evaluated values extends. Thus, the negative as-
sociation is stronger between values before and after the
treatment. Less evident is negative correlation between the
menopausal gap and FSH levels. Significant negative corre-
lation was identified only between the gap and hormonal levels
after the treatment (R=-0,38). We did not found any relation-
ship in other monitored parameters.

We focused as well on relations between hormone levels
and patients weigh. Patients weight negatively correlated with
progesterone levels before the treatment (R=-0,32) and posi-
tively correlated with progesterone levels after the treatment
(R=-0,56). The levels of progesterone before treatment are
lower and after treatment levels are higher in patients with
higher weigh. It means that decrease of progesterone value
during therapy is smaller in patients with higher weigh. The
correlation of weigh and progesterone changes is statistically
significant (R=0,27).

Discussion

The IGF-1 plays a fundamental role in the development of
the breast cancer. The IGF system has been implicated in breast
cancer progression because of its mitogenic and anti-apoptotic
influence on the breast epithelial cells [5]. Increasing interest
is focused on its role as a major determinant of breast cancer
and its involvement in the development of resistance to
tamoxifen and trastuzumab [11]. IGF-1 plays an important
role in breast cancer risk [12, 13]. IGFs are important media-
tors of growth, development, and survival, are synthesised by
almost any tissue in the body, and a complex network of mol-
ecules, including binding proteins, proteases and receptors
modulates their action. IGF-1 receptor by the cancer cells may
play a significant role in a transformed phenotype of malig-
nant cells [14,15]. In this process IGFs are interacting with

Table 5. Descriptive analysis: monitored hormones serum levels

Before treatment(B) During treatment(D) After treatment(A)
mean ± SD mean ± SD mean ± SD

LH [U/l] 31,15 ± 14,1 #27,88 ± 13,29 30,62 ± 17,24
FSH [U/l] 63,47 ± 30,48 #56,31 ± 23,14 57,6 ± 31,13
Progesterone[nmol/l] 1,62 ± 1,21 #1,34 ± 1,14 1,48 ± 1,59
Estradiol [nmol/l] 0,12 ± 0,08 0,14 ± 0,25 *0,08 ± 0,06
IGF-1 [μg/l] 161,75 ± 107,95 161,07 ± 85,28 158,9 ± 78,62
]=gfe1051IGFBP-3 [mg/l] 4,15 ± 1,1 4,19 ± 1,09 *4,69 ± 1,12

# statistically significant (p < 0,05) B versus D
* statistically significant (p < 0,05) D versus A

Tab. 6. Spearman’s correlation coefficients (R)

Parameter Before vs. during Changes during the treatment
hormone the treatment vs. before treatment

LH 0,83 -0,35
FSH 0,88 -0,57
Progesterone 0,59 -0,53
Estradiol 0,45 -0,48
IGF-1 0,72 -0,27
IGFBP-3 0,58 -0,25
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other molecular systems, such as steroid hormones etc. The
functions of IGF-1 are mainly mediated through its recep-
tors. The availability of free IGF-1 for interaction with receptor
is modulated by IGF binding proteins IGFBP 1-6. IGFBP-3
limits the IGF-1 binding potential to its receptors. Interac-
tions with other receptors, including oestrogen and growth
factors were proven [16]. Data in the literature show that a
growth hormone, prolactin, estradiol, progesterone, cortisol
could be responsible for regulation of IGF-1 activity [17].

In premenopausal women is the main action of chemo-
therapy to changing of hormonal levels well established [18].
However little is still known about the influence of chemo-
therapy on growth factors which regulates neoplasm growth
and participate a the disease progression – i.e. IGF-1 and its
binding protein. The effect of chemotherapy on hormone lev-
els is not well identified in postmenopausal patients. In some
studies [19, 20, 21] significant decrease of IGF was found
after chemotherapy in premenopausal patients, however other
authors [22] did not find any changes in serum IGF-1 con-
centration in patients with early stage of breast cancer, but
observed a significant increase of serum IGF-1 concentration
in women with an advanced stage. That may suggest that IGF-
1 plays a part in breast cancer progression. We did not find
statistically significant changes in this parameter.

In the light of the latest reports on the role of IGF-1 in
breast cancer pathogenesis it is essential to understand the
effect of currently used therapy on plasma IGF-1 levels. In
vitro studies show that IGF-1 protects breast cancer cell from
anticancer drug-induced cell death by reducing apoptosis [23].

In postmenopausal breast cancer patients mainly
antiestrogen therapy influence on IGF-1 levels was studied.
In these patients, IGF-1 levels significantly decreased while
IGFBP-3 did not change [24, 13]. No statistically significant
correlation was found between mean plasma concentration
of IGF-1 and serum estradiol, prolactin, progesterone, corti-
sol and other hormonal levels [17].

Influence of tamoxifen, chemotherapy and combination of
both to selected hormonal levels was studied in pre- and post-
menopausal breast cancer patient [25]. In postmenopausal patient
no significant difference in pre- and post-treatment levels of es-
tradiol was found. The levels of LH and FSH in patient treated
with tamoxifen alone or in combination were significantly lower
than those treated with chemotherapy. Premenopausal women
treated with combination of chemotherapy and tamoxifen had
significantly lower gonadotropin levels and higher estradiol and
progesterone levels in comparison with patient treated with che-
motherapy alone. The increase of hormonal levels was reversible,
induced by tamoxifen.

It could be concluded that hypothalamo-pituitary-ovarian
axis is profoundly alliterated by chemo- and hormonal therapy,
especially in premenopausal women [26, 27, 28, 29].

In conclusion, we have found that also in postmenopausal
women hormonal levels in serum can be affected by chemo-
therapy, mainly the level of estrogen, and this mechanism of
action might be a part of final result of chemotherapy. It could

be important mainly in patients with hormonal dependent
tumors who need chemotherapy with respect to other evalu-
ated risk factors. Because of negative statistical correlation of
estrogen levels to the menopausal gap it could be in conse-
quence of chemotherapy influence to the residual ovarian
production of estradiol. The mechanism of changes in levels
of monitored substances could consist also in impact of cyto-
static drugs on the production in alternative tissues i.e. fat,
breast and other or on process of regulation (FSH, LH). The
problem needs further investigation of possible mechanisms
of described changes.

This work was supported by the Research Project Ministry of
Education, Youth and Sports of the Czech Republic 002162 0808.
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