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Abstract

Background: Breast cancer remains a global health issue, including in
Indonesia, which has a relatively high incidence of breast cancer. Sev-
eral theories have proved the role of estrogen in breast cancer carcino-
genesis, but there is yet to be a preventive measure against breast can-
cer. Chemotherapy is one of the therapeutic modalities for breast cancer
that disturbs ovarian function in producing estrogen due to damaged
ovarian granulosa cells. Chemotherapy becomes an alternative option
to decreasing circulating estradiol levels through interventions in ovar-
ian functions, either by surgery, such as oophorectomy, or medications
that disturb the ovarian functions. This study aimed to observe the es-
tradiol levels in breast cancer patients before and after chemotherapy.

Methods: This was a prospective cohort study. We observed the es-
tradiol levels before and after adjuvant chemotherapy in breast cancer
patients. Subjects’ characteristics are presented in mean + standard
deviation, distribution frequency, and percentage. Subjects’ charac-
teristics based on chemotherapy were tested using an independent ¢-
test, Mann-Whitney U, and Chi-square/Fisher exact test. Effects of
chemotherapy on estrogen levels were tested using the Wilcoxon rank
test and Kruskal-Wallis test.

Results: A total of 194 research subjects were included. There were
changes in estradiol levels before and after therapy. The decrease of
estradiol levels in patients who did not receive chemotherapy was
-6.9% (P> 0.05). Patients who received anthracycline cyclophospha-
mide (AC) regimen, paclitaxel and anthracycline (TA) regimen, pacli-
taxel, anthracycline and trastuzumab (TA + H) regimen, and platinum
regimen experienced a significant decrease in estradiol levels (-21.4%
(P <0.05), -20.2% (P < 0.001), -31.7% (P < 0.01), and -23.7% (P <
0.05), respectively). Among chemotherapy groups, the estradiol lev-
els before and after chemotherapy did not have significant differences
(P=0.937 and P =0.730, respectively).
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Conclusion: There are no significant differences in estradiol levels
between chemotherapy and hormonal therapy groups. Patients in both
groups have decreased estradiol levels after therapy, although patients
in hormonal therapy do not experience as much decrease as those in
chemotherapy.
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Introduction

Breast cancer remains a global health issue, including in In-
donesia, one of the Asian countries with a relatively high inci-
dence of breast cancer. Data from The Indonesian Ministry of
Health in 2018 showed that breast cancer was the most com-
mon type of cancer from 2015 to 2018 consecutively, with the
total incidence and mortality rate continuing to rise to 42.1 per
100,000 population and 17 per 100,000 population, respec-
tively [1].

Chemotherapy is one of the therapeutic modalities with
several long-term side effects, such as cardiotoxicity, neu-
rocognitive dysfunction, development of secondary malig-
nancy, impaired kidney and liver functions, and gonadotox-
icity. Ovarium, which produces estradiol, is highly sensitive
to chemotherapy effects. Chemotherapy regimens, such as
cyclophosphamide, busulfan, and 5-fluorouracil, have the
highest number of premature ovarian failures. The regimens
will impair ovarian functions and produce symptoms of meno-
pause, osteoporosis, and infertility. However, the side effects
of chemotherapy on ovarium, aside from causing detrimental
effects on the reproductive function of premenopausal women,
are also predicted to have therapeutic functions in decreasing
estradiol levels [2].

Twenty to forty percent of women experience natural men-
opause, and serum estradiol (E2) levels will remain high for 6
- 12 months after menstruation stops. Therefore, amenorrhea
during or after chemotherapy cannot be considered a cessation
of the ovaries producing estradiol. In young women, the sta-
tus of ovarian function cannot be determined from menstrual
status unless they have undergone bilateral oophorectomy. The
decrease in serum estradiol levels is a reference to the success
of breast cancer therapy, by means of surgery such as oopho-
rectomy or drugs that interfere with ovarian function [3-5].

The study’s objectives are to observe estradiol levels in
breast cancer patients before and after adjuvant chemotherapy.
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Materials and Methods

Study population

This was quantitative research in the form of prospective co-
hort observations at Dr. Moewardi Hospital between April
2021 and May 2022. This study observed changes in estradiol
levels before and after adjuvant chemotherapy in breast cancer
patients. The inclusion criteria were breast cancer patients who
had undergone modified radical mastectomy or simple mastec-
tomy, planned to undergo six cycles of chemotherapy, and had
never received hormonal therapy or neoadjuvant chemother-
apy. The exclusion criteria were comorbidities or conditions
that could increase estradiol levels; patients lost to follow-up,
namely, chemotherapy was not on schedule; incomplete chem-
otherapy; and death during chemotherapy.

Primary data collection included age, sex, and risk factors
for breast cancer. Data on cancer included cancer stage, cell
type, grade, subtype, and chemotherapy regimen. The estra-
diol levels were taken in the morning regarding the patient’s
menopausal status, with normal values of 90 - 270 pg/mL us-
ing the DRG Estradiol ELISA, an immunoassay enzyme used
for measuring the in vitro diagnostic quantity of estradiol in
serum and plasma [6]. The estradiol levels were taken twice.
The first was before the patient underwent the first cycle, and
the second was 3 weeks after the patient went through the sixth
cycle of chemotherapy.

Study design

Subjects’ characteristics are presented in mean + standard de-
viation for numerical data and distribution frequency and per-
centage for categorical data. Subjects’ characteristics based
on chemotherapy were tested using an independent #-test for
normally distributed data, Mann-Whitney U for abnormally
distributed and ordinal categorical data, and Chi-square/Fisher
exact test for nominal categorical data. Effects of chemother-
apy towards estrogen levels were tested using the Wilcoxon
rank test (comparison of two means from paired samples) and
Kruskal-Wallis test (comparison of more than two means from
unpaired samples without normal distribution) (Table 1).

This study was approved by the Human Research Ethics
Committee of Dr. Moewardi Hospital (ethical approval 41/1/
HREC/2022). The study was conducted in compliance with
the ethical standards of the responsible institution on human
subjects as well as with the Helsinki Declaration.

Results

Subjects’ characteristics

During 1 year of recruitment, 194 female patients with breast
cancer met the inclusion and exclusion criteria. Subjects’ char-
acteristics include age, age at menarche, cancer stage, grading,
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lymphovascular invasion (LVI), subtype, Ki67, menopausal
status, marital status, number of children, breastfeeding, con-
traception, and family history.

The subjects’ characteristics showed that the mean age
was 51.63 + 10.01 years, and the mean age at menarche was
12.77 £ 1.41 years. Around half (51.5%) of the patients were
categorized as locally advanced breast cancer (LABC). The
cancer grading was dominated by grade III (60.3%) and LVI
positive (68.6%). The most common and least subtypes were
human epidermal growth factor receptor 2 (HER2) (25.8%)
and triple-negative (10.8%), respectively. Ki67 were mostly
negative (57.2%). Women in menopause (42.3%) were fewer
than premenopause (57.7%). Almost all patients (95.4%) were
married, and the majority (57.2%) had 1 - 2 kids. More than
three-quarters (78.4%) had a history of breastfeeding. Patients
with hormonal contraception (38.1%) outnumbered those with
nonhormonal contraception (29.4%). Most patients (82%) had
no family history of cancer.

Statistical analysis

In Table 2, based on the cancer subtype, estradiol levels de-
creased after chemotherapy compared to before.

Effects of chemotherapy on estrogen levels in breast can-
cer patients

Effects of chemotherapy on estrogen levels in breast cancer pa-
tients showed decreased estrogen levels based on chemother-
apy regimens. Table 3 shows that among all groups, patients
who did not receive chemotherapy had an insignificant de-
crease (P > 0.05) in mean estradiol levels after therapy (-6.9%;
P =0.163). Meanwhile, all chemotherapy regimens produced
significantly decreased estradiol levels (P < 0.05) after therapy,
with the paclitaxel, anthracycline and trastuzumab (TA + H)
regimen bringing the highest changes (-31.7%), followed by
the platinum regimen (-23.7%), anthracycline cyclophospha-
mide (AC) regimen (-21.4%), and paclitaxel and anthracycline
(TA) regimen (-20.2%).

Between patients who received chemotherapy and those
who did not, there were no significant differences (P > 0.05)
in estradiol levels before and after therapy (P = 0.937 and P =
0.730, respectively).

Discussion

Estradiol is a hormone naturally produced in the human body
by the ovaries, placenta, testes and in small amounts by the
adrenal cortex. The normal functions of estradiol are regulat-
ing the menstrual cycle, cardiovascular system, neurological
system, skeletal system, vascular system, and many more. Es-
tradiol is the most potent and abundant estrogen (E2) during
reproductive years in women. Estradiol binds to specific in-
tracellular estrogen receptors in female reproductive organs,
breasts, hypothalamus, and hypophysis. The receptor-ligand
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Table 1. Subjects’ Characteristics

Chemotherapy
Characteristics Total (n = 194) P-value
No (n=17) Yes (n =177)
Age? (years) 51.63 +£10.01 51.47 £13.02 51.64+9.72 0.946
Menarche® (years) 12.77 £ 1.41 12.65+1.73 12.78 £1.38 0.793
Cancer stage® 0.033*
EBC 42 (21.6%) 7 (41.2%) 35 (19.8%)
LABC 100 (51.5%) 8 (47.1%) 92 (52.0%)
ABC 52 (26.8%) 2 (11.8%) 50 (28.2%)
Cancer grading® 0.332
I 13 (6.7%) 3 (17.6%) 10 (5.6%)
i 64 (33.0%) 5(29.4%) 59 (33.3%)
111 117 (60.3%) 9 (52.9%) 108 (61.0%)
LVI¢ 0.366
Negative 61 (31.4%) 7 (41.2%) 54 (30.5%)
Positive 133 (68.6%) 10 (58.8%) 123 (69.5%)
Subtype® 0.004*
Luminal A 46 (23.7%) 10 (58.8%) 36 (20.3%)
Luminal B 41 (21.1%) 4 (23.5%) 37 (20.9%)
HER2 overexpression 50 (25.8%) 0 (0.0%) 50 (28.2%)
Triple-negative 36 (18.6%) 2 (11.8%) 34 (19.2%)
Triple-positive 21 (10.8%) 1 (5.9%) 20 (11.3%)
Ki67¢ 0.888
Negative 111 (57.2%) 10 (58.8%) 101 (57.1%)
Positive 83 (42.8%) 7 (41.2%) 76 (42.9%)
Menopausal status® 0.675
Premenopause 112 (57.7%) 9 (52.9%) 103 (58.2%)
Menopause 82 (42.3%) 8 (47.1%) 74 (41.8%)
Marital status® 0.570
Unmarried 9 (4.6%) 1 (5.9%) 8 (4.5%)
Married 185 (95.4%) 16 (94.1%) 169 (95.5%)
Number of kid(s)® 0.959
None 19 (9.8%) 1 (5.9%) 18 (10.2%)
1-2 111 (57.2%) 11 (64.7%) 100 (56.5%)
>2 64 (33.0%) 5(29.4%) 59 (33.3%)
Breastfeeding® 0.128
No 42 (21.6%) 1 (5.9%) 41 (23.2%)
Yes 152 (78.4%) 16 (94.1%) 136 (76.8%)
Contraception® 0.312
Hormonal 74 (38.1%) 9 (52.9%) 65 (36.7%)
Nonhormonal 57 (29.4%) 5 (29.4%) 52 (29.4%)
None 63 (32.5%) 3 (17.6%) 60 (33.9%)
Family history of cancer® 0.318
Present 35 (18.0%) 1 (5.9%) 34 (19.2%)
Absent 159 (82.0%) 16 (94.1%) 143 (80.8%)

alndependent t-test. PMann-Whitney U. cChi-square/Fisher exact test. *Statistically significant (a = 5%). EBC: early breast cancer; LABC: locally ad-

vanced breast cancer; ABC: advanced breast cancer; LVI: lymphovascular invasion; HER2: human epidermal growth factor receptor 2.
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Table 2. Estradiol Levels Before and After Therapy Based on Subtypes

Subtype Estradiol N Mean SD Min. Max. P value

Luminal A Before therapy 46 78.63 65.37 0 377 0.003*
After therapy 46 73.36 79.61 0 357

Luminal B Before therapy 41 83.30 59.98 23 267 0.008*
After therapy 41 68.86 47.13 16 222

Triple-negative Before therapy 36 87.47 67.652 28 350 0.002%*
After therapy 36 72.42 58.194 27 315

Triple-positive Before therapy 21 98.37 63.899 33 260 0.001*
After therapy 21 60.88 41.182 1 175

HER2 overexpression Before therapy 50 77.69 57.59 12 315 0.001%*
After therapy 50 54.31 23.78 5 112

*Uji Wilcoxon: there was a statistically significant difference in estradiol levels between before and after chemotherapy based on subtype (P < 0.05).
HER2: human epidermal growth factor receptor 2; SD: standard deviation.

Table 3. Effects of Chemotherapy on Estrogen Levels

Regimen Estradiol before (mean = SD; pg/mL) Estradiol after (mean = SD; pg/mL) P-value  Decrease (%)
No chemotherapy (n=17)  106.83 + 97.59 99.44 £ 94.90 0.1632 -6.9%

AC (n=42) 78.25+51.79 61.51 £42.06 0.0112* -21.4%

TA (n=91) 81.81 £61.65 65.25 +54.85 <0.001%*  -20.2%
TA+H (n=22) 83.43 £ 56.42 56.96 +32.29 0.006%* -31.7%
Platinum (n = 22) 79.46 £ 56.22 60.64 +40.38 0.016%* -23.7%
P-value 0.937b 0.730°

aWilcoxon rank test for comparison of two population means (paired samples). °Kruskal-Wallis for comparison of more than two population means
(unpaired samples). *Statistically significant (a = 5%). AC: anthracycline cyclophosphamide; TA: paclitaxel, anthracycline. TA + H: paclitaxel, anthra-
cycline and trastuzumab; SD: standard deviation.

CHEMOTHERAPY REGIMEl;IIS
o

. chemotherapy
Platinum Ve 8.8

TA+H 11.3% /
regimen =
11.3%

AC regimen
21.6%

TA regimen
46.9%

Figure 1. The distribution of breast cancer patients based on chemotherapy regimens. AC: anthracycline cyclophosphamide. TA:
paclitaxel, anthracycline. TA + H: paclitaxel, anthracycline and trastuzumab.
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complex promotes gene expression for maintaining fertility
and secondary sexual characteristics in women. In addition,
estradiol shows anabolic features, slow metabolism, and in-
creased blood coagulability. Estradiol, the primary intracel-
lular estrogen in humans, is substantially more active at the
cellular level than its metabolites, estrone and estriol [7].

Chemotherapy has different effects on ovarian tissue de-
pending on the patient’s age, chemotherapy regimen, therapy
dosage and duration. Several anticancer drugs cause direct
damage to the oocytes, slower maturation, destruction and re-
duction of the follicle pool, cortical fibrosis, vascular damage,
and ovarian atrophy [8].

In this study, 17 (8.8%) patients did not receive chemo-
therapy. The numbers of patients who received the AC and TA
regimens were 42 (21.6%) and 91 (46.9%), respectively. The
TA + H regimen and platinum regimen each consisted of 22
(11.3%) patients.

Table 1 shows no significant differences (P > 0.05) be-
tween patients who received chemotherapy and those who
did not, based on the following risk factors for breast cancer:
age (P =0.946), age at menarche (P = 0.793), cancer grading
(P =0.332), LVI (P = 0.366), Ki67 (P = 0.888), menopausal
status (P = 0.675), marital status (P = 0.570), number of kids
(P =0.959), breastfeeding (P = 0.128), contraception use (P =
0.312), and family history of cancer (P = 0.318). Hence, chem-
otherapy was not influenced by these risk factors. Meanwhile,
there were significant differences (P < 0.05) based on cancer
staging (P = 0.033) and subtype (P = 0.004).

In addition, patients who received chemotherapy were
most frequently categorized as LABC (52.0%), followed by
ABC (28.2%) and EBC (19.8%). HER2 subtype was the most
frequent subtype in patients who received chemotherapy, fol-
lowed by luminal B (20.9%), luminal A (20.3%), triple-nega-
tive (19.2%), and triple-positive (10.8%).

The chemotherapy regimens in this study used a combina-
tion of anthracycline 60 mg/m?, cyclophosphamide 600 mg/m?
(AC) for early-stage cancer and a combination of anthracycline
600 mg/m? and paclitaxel 175 mg/m? (TA) for late-stage can-
cer. Most patients with the triple-negative subtype were given
a platinum carboplatin area under the curve (AUC) 6 regimen.
In the triple-positive subtype, the regimens were given accord-
ing to cancer stage in addition to trastuzumab 8 mg/kg IV day
1 followed by 6 mg/kg IV (TA + H) [9].

Chemotherapy causes significant cytotoxic effects on live
cells. This mechanism correlates with the risk of ovarian failure
and infertility due to chemotherapy. Alkylating antineoplastic
drugs (cyclophosphamide, mechlorethamine, chlorambucil)
bind to the target cell’s DNA, causing the inhibition of DNA
synthesis and functions. This process causes DNA chain break-
ing and apoptosis mediated by P63 on primordial follicles. The
use of alkylating antineoplastic agents is accompanied by the
highest risk of infertility. Anthracyclines (doxorubicin, bleomy-
cin, mitomycin, epirubicin) inhibit DNA synthesis and functions
and disrupt DNA transcription. The inhibition of topoisomerase
IT causes DNA damage, which leads to toxic free radical oxy-
gen formation that results in DNA chain breaking and inhibi-
tion of DNA synthesis and functions. Anthracycline has rare
gonadotoxic effects and a low-to-moderate risk of infertility.
A study by Zhen et al on 136 breast cancer patients found that
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estrone (E1), estradiol (E2), and follicle-stimulating hormone
(FSH) levels decreased after chemotherapy with anthracycline.
The decrease in tumor size in the anthracycline group was also
larger than those in the cyclophosphamide, methotrexate and
fluorouracil (CMF) group [10-13].

In this study, patients received chemotherapy according
to their cancer stage and subtype (Fig. 1). Chemotherapy was
shown to decrease estradiol levels, and in this study, it was
seen that estradiol levels before and after treatment, the triple-
positive subtype seemed to cause a decrease in estradiol levels
more than other subtypes.

Patients who received the AC regimen experienced a
21.4% decrease in estradiol levels after chemotherapy (P =
0.011), whereas patients who received the TA regimen experi-
enced a 20.0% decrease. Patients with TA + H combined regi-
men showed the highest and statistically significant (P < 0.05)
decrease of 31.7% in estradiol levels.

Out of 21 breast cancer patients who had HER2 overex-
pression, seven were premenopausal, and 14 were postmeno-
pausal. Out of seven premenopausal patients who had high
serum estradiol levels before chemotherapy, two had increased
estradiol levels, and five had decreased estradiol levels after
therapy. Although they experienced a decrease, four still had
high estradiol levels, and one had normal estradiol levels.
Meanwhile, out of 14 postmenopausal patients, four had an
increase, and 10 had a decrease in estradiol levels after chemo-
therapy, but all remained having high estradiol levels [14].

Platinum preparations (cisplatin, carboplatin) covalently
bind to DNA, forming intra-chain DNA cross-links. This caus-
es the DNA to rupture during replication, inhibiting transcrip-
tion and disrupting DNA synthesis and function. The use of
platinum drugs is accompanied by a moderate risk of infertil-
ity. In this study, patients who received the platinum regimen
had a statistically significant decrease of -23.7% (P =0.016) in
estradiol levels after chemotherapy. A study by Septiani et al
[15] in 2022 revealed that 91.3% of patients with triple-nega-
tive subtype had a mean decrease of 11.57 pg/mL in estradiol
levels after therapy, whereas the rest (8.7%) had a mean in-
crease of 16.5 pg/mL (P =0.001).

In patients who did not undergo chemotherapy, patients
received hormonal therapy, and evaluation of estradiol levels
during six cycles of hormone therapy showed a statistically in-
significant decrease (P> 0.05) of 6.9% (P = 0.163) after therapy.

It was reported that many hormones, such as E1, E2, and
FSH, can increase the proliferation and invasion of cancer
cells in women. The mechanism may be related to the activa-
tion of proteins, enzymes, or oncogenes involved in nucleic
acid synthesis induced by these hormones, thereby promoting
the growth of cancer cells. However, in the study from Huang
et al, it was found that high serum E2 levels were associated
with reduced risk of drug-induced liver injury (DILI) in pre-
menopausal breast cancer patients who underwent epirubicin
regimen chemotherapy with cyclophosphamide adjuvant
chemotherapy [16, 17].

Between patients who received chemotherapy and those
who did not, there were no significant differences (P > 0.05)
in estradiol levels before and after therapy (P =0.937 and P =
0.730, respectively). However, patients who received chemo-
therapy experienced a greater decrease in estradiol levels after
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therapy than they did not receive chemotherapy and received
only hormone therapy.

The limitation of this study was limited observations, as
we only observed the estradiol levels 3 weeks after chemo-
therapy. Hence, we could not conclude if the estradiol levels
would stay low or increase to the levels before chemotherapy.
A study by Shamrai et al on 26 breast cancer patients showed
a significant decrease in estradiol levels throughout a 3-year
observation [18].

Conclusion

There are no significant differences in estradiol levels be-
tween chemotherapy and hormonal therapy. Estradiol levels
decreased after therapy in both groups, although patients in
hormonal therapy do not experience as much decrease as those
in chemotherapy.
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