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Abstract

Background: Treatment-related amenorrhea (TRA) is a common 
side effect of treatment in premenopausal patients with breast cancer, 
with important consequences for patient counseling and management. 
Its occurrence and potential influence on survival outcomes remain 
active areas of investigation. This study aimed to evaluate the inci-
dence, risk factors, and prognostic significance of TRA in patients 
with breast cancer.

Methods: This is a retrospective cohort study. Patients were inter-
viewed during and after chemotherapy to assess their menstrual sta-
tus. Sociodemographic, clinical, and treatment data of patients were 
also collected. TRA was classified into early amenorrhea (EA) and 

late amenorrhea (LA) based on the duration of amenorrhea. Univari-
able and multivariable logistic regression were used to identify risk 
factors of EA and LA. Kaplan-Meier curves and Cox proportional 
hazards analyses were used to investigate the impact of EA and LA 
on 3-year overall survival (OS).

Results: There were 81 patients who were eligible for the final anal-
ysis. Of these subjects, 14 (17.3%) developed no amenorrhea, 67 
(82.7%) developed EA, and 45 (55.6%) developed LA. We did not 
find any significant independent risk factor for EA. Age > 45 years 
(odds ratio (OR): 4.00; confidence interval (CI): 1.23 - 13.01; P = 
0.021) and the usage of hormonal therapy (OR: 4.96; CI: 1.58 - 15.53; 
P = 0.006) independently significantly increase the risk of LA, where-
as a metastatic disease status decreased the risk (OR: 0.20; CI: 0.04 
- 0.90; P = 0.036). Both EA (hazard ratio (HR) = 0.262, CI: 0.105 - 
0.653; P = 0.002) and LA (HR = 0.234, CI: 0.091 - 0.604; P = 0.001) 
were associated with an improved 3-year OS rate.

Conclusions: Age > 45 years and the usage of hormonal therapy are 
risk factors for LA, while metastatic disease was associated with a 
decreased risk. Both EA and LA had a significant association with 
favorable 3-year OS. These findings enable clinicians to provide per-
sonalized guidance, tailor treatment strategies, and improve the out-
comes of premenopausal patients with breast cancer. Standardization 
of how TRA is defined and assessed in future studies is essential to 
improve comparability and enhance the understanding of its clinical 
implications.

Keywords: Breast cancer; Treatment-related amenorrhea; Risk fac-
tors; Survival

Introduction

Breast cancer (BC) remains the most frequently diagnosed 
cancer and the leading cause of cancer-related death among 
women worldwide, with an estimated age-standardized inci-
dence rate of 46.8 per 100,000 and an estimated mortality rate 
of 12.7 per 100,000 [1]. Incidence rates demonstrate consid-
erable variation, being higher in high-income countries but 
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showing increasing trends in low- and middle-income coun-
tries [1, 2]. In Indonesia, BC is the most prevalent cancer 
among women, with an estimated age-standardized incidence 
rate of 41.8 per 100,000 and an estimated mortality rate of 14.4 
per 100,000 [1]. Globally, survival outcomes of patients with 
BC differ by region, with more highly developed countries 
tending to have a higher survival rate. The 3-year survival rate 
and 5-year survival rate of patients with BC are estimated to 
be 75% and 73%, respectively [3]. However, survival data in 
Indonesia are limited, with an estimated 5-year survival rate 
ranging between 48% and 50% [4, 5].

BC treatment typically necessitates a multimodal ap-
proach, incorporating modalities such as chemotherapy, ra-
diotherapy, and hormonal therapy, each of which is crucial in 
improving patient outcomes. However, these treatments are 
not without adverse effects, some of which may profoundly 
affect patients’ quality of life [6-8]. One such adverse effect is 
treatment-related amenorrhea (TRA). In previous studies, the 
incidence of TRA has been estimated to range between 15.1% 
and 98.3% [9], although heterogeneity in the definition of TRA 
may make interpretation challenging. This loss of menstrual 
function is not merely a marker of ovarian dysfunction but also 
has far-reaching physical and psychological consequences, in-
cluding infertility, vasomotor symptoms [10], and a decreased 
quality of life [10, 11]. Managing TRA is especially crucial 
in Asian countries, given the higher prevalence of BC among 
premenopausal women [12]. This issue is also a significant 
concern particularly for patients with early-stage BC due to 
the typically favorable long-term survival outcomes [3].

The current landscape of research on TRA faces significant 
challenges due to inconsistencies in the definition of TRA, differ-
ences in symptom recording methods, and the variability of fol-
low-up periods [13]. These issues do not only hinder our under-
standing of the true incidence, risk factors, and impact of TRA; 
they also complicate efforts to establish standardized guidelines 
for the diagnosis and management of patients with TRA.

The focus of this study is early amenorrhea (EA), as it may 
be more likely to be a result of treatment [14]. Another key focus 
is late amenorrhea (LA), as it can impose lasting impacts on a 
patient’s quality of life, fertility, and overall prognosis [11].

There remains a need for research on the risk factors [13] 
and prognostic significance of TRA [15], particularly in Indo-
nesia, where such data are lacking. Therefore, our study aims 
to investigate the incidence, risk factors, and survival out-
comes of TRA, with the goal of enhancing personalized treat-
ment strategies, improving patient education, and contributing 
significantly to the existing body of literature.

Materials and Methods

Study design and subjects

This is a retrospective cohort study which included BC pa-
tients registered for the investigation of chemotherapy-related 
adverse effects and their impact on prognosis (main study). 
The inclusion criteria of the present study consisted of pre-
menopausal women aged 18 - 55 with histopathologically con-

firmed stage I-IV BC and an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 - 1, who were sched-
uled for (neo)adjuvant first-line chemotherapy at the “Tulip”/
Integrated Cancer Clinic, Dr. Sardjito General Hospital, Yog-
yakarta, Indonesia by the Hematology and Medical Oncology 
Division. Patients with terminal illnesses, severe comorbidi-
ties, or incomplete follow-up data were excluded. The study 
received ethical approval from the Joint Ethics Committee of 
the Faculty of Medicine, Public Health, and Nursing at Uni-
versitas Gadjah Mada/Dr. Sardjito General Hospital (KE/
FK/0417/EC/2018). This study was conducted in compliance 
with the ethical standards of the responsible institution on hu-
man subjects, as well as with the Helsinki Declaration.

Study variables

Sociodemographic and clinical data were collected at the base-
line upon patients’ inclusion in the main study. Sociodemo-
graphic data included in this study were age and parity. Subjects 
were grouped into ages ≤ 45 and ages > 45. The parity of the 
subjects, which was defined as the number of times a subject 
has given birth at a gestational age ≥ 24 weeks regardless of the 
condition of the fetus, was categorized into less than or equal to 
one (not multiparous) and more than one (multiparous). Clinical 
data used in this study were stage, estrogen receptor (ER) status, 
progesterone receptor (PR) status, and body mass index (BMI). 
Stage was defined as the stage of the patient at diagnosis accord-
ing to the seventh edition of the American Joint Committee on 
Cancer (AJCC) staging system and was divided into stage I-III 
(not metastatic) and stage IV (metastatic), and ER and PR status 
were grouped as negative or positive. BMI was categorized as 
obese (≥ 25 kg/m2), overweight (23 - 24.9 kg/m2), normal (18.5 - 
22.9 kg/m2), and underweight (< 18.5 kg/m2) in accordance with 
the World Health Organization (WHO) Asia-Pacific BMI clas-
sification system. Treatment data included in this study were ra-
diotherapy, number of chemotherapy cycles, hormonal therapy, 
and chemotherapy regimen. Radiotherapy and hormonal therapy 
were grouped according to whether the subject received each or 
not. For the number of chemotherapy cycles, subjects were di-
vided into whether they received less than eight chemotherapy 
cycles or eight or more chemotherapy cycles. Finally, the chemo-
therapy regimen of each subject was categorized to those who 
received an anthracycline-taxane regimen and those who did not.

Overall survival (OS) was calculated as the time in months 
between the initial diagnosis and death from any cause or the 
last follow-up. In this study, we used OS data assessed at a 
3-year follow-up (3-year OS). We followed up patients’ status 
every 6 months through medical records and by phone.

Assessment of TRA

The status of amenorrhea was assessed using the Common 
Toxicity Criteria for Adverse Events (CTCAE) version 4.0 
[16], which was translated into Bahasa Indonesia by practic-
ing general practitioners and then reviewed by specialist phy-
sicians from the primary study [17]. A trained research team 
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interviewed subjects 1 week after each cycle of chemotherapy 
and 1 week before the subsequent cycle to inquire about the 
occurrence and length of chemotherapy toxicities.

We classified the subjects’ posttreatment menstruation sta-
tus of subjects into no amenorrhea, EA, and LA. Subjects with 
no amenorrhea had normal menses or resumption of menses 
within 6 months, whereas subjects with EA had an absence 
of menses for 6 months or more, and subjects with LA had an 
absence of menses for 12 months or more.

Statistical analysis

The number and percentage of subjects in the overall cohort by 
each of the sociodemographic, clinical, and treatment variables 
were calculated. The overall cohort is then stratified according 
to their posttreatment menstruation status (no amenorrhea, EA, 
and LA), and the number and percentage by each variable were 
also calculated. The median age of the subjects, as well as the 
mean and standard deviation of the BMI of the subjects were 
calculated for the overall cohort and the stratified cohorts.

To investigate risk factors for treatment-related EA and LA, 
we used logistic regression analyses. We applied univariable lo-
gistic regression by each sociodemographic, clinical, and treat-
ment variables as independent variables, and LA and EA (EA 
versus no EA and LA versus no LA) as the dependent variable. 
The variance inflation factor (VIF) of each variable is calculated 
to analyze multicollinearity. Of these variables, those with a VIF 
of more than 2.5 were excluded from the multivariable logistic 
regression analysis, as this implies potential collinearity [18]. A 
P value of less than 0.05 was considered significant.

We conducted survival analysis to determine the effect of 
treatment-related EA and LA on the 3-year OS of the subjects. 
First, we plotted the Kaplan-Meier curve for the overall cohort, 
which illustrates the OS probability for the entire cohort from 
the time at diagnosis until the last follow-up. We calculated the 
shortest, median, and longest follow-up in the overall cohort. 
We then plotted Kaplan-Meier curves stratified according to 
whether the subjects had EA or not and then whether they had 
LA or not. We calculated the hazard ratio (HR) using an uni-
variable Cox proportional hazards model and determined the P 
value using the log-rank test.

All statistical analyses were performed using R statistical 
software (v4.4.1; R Core Team 2024) [19]. Survival analysis 
was conducted using the R packages “survival” [20] and “sur-
vminer” [21].

Results

Subject characteristics

There were 249 subjects who were recruited in the main study. 
Of these, 144 premenopausal subjects aged ≤ 55 were included. 
A total of 35 subjects who did not receive chemotherapy and 
11 subjects who received less than three cycles of chemothera-
py were excluded. Moreover, 10 subjects were excluded due to 
not having menstruation status follow-up after chemotherapy. 

Finally, seven subjects who were followed for less than 3 years 
were excluded, leaving 81 eligible subjects to be included in 
the final analysis of the present study (Supplementary Mate-
rial 1, wjon.elmerpub.com). The majority of the subjects were 
aged 45 or below (55.6%), were multiparous (70.4%), had 
non-metastatic disease at diagnosis (80.2%), had ER-positive 
disease (67.9%), had PR-positive (56.8%) disease, had nor-
mal BMI (39.5%), received radiotherapy (72.8%), underwent 
eight or more chemotherapy cycles (63.0%), did not receive an 
anthracycline-taxane regimen (88.9%), and received hormonal 
therapy (64.2%) (Table 1).

Patterns of TRA

Of the 81 subjects, 14 (17.3%) developed no amenorrhea, 67 
(82.7%) developed EA, and 45 (55.6%) developed LA. Of the 
67 subjects with EA, 45 (67.2%) progressed to LA (Table 1).

The median age of all subjects was 45.4 years. Among the 
45 subjects aged ≤ 45 years, 10 (22.2%) developed no amen-
orrhea, 35 (77.8%) developed EA, and 18 (40.0%) developed 
LA. Among the 36 subjects aged > 45 years, four developed 
no amenorrhea (11.1%), 32 (88.9%) developed EA, and 27 
(75.0%) developed LA (Table 1).

Predictors of TRA

Univariable logistic regression showed five independent vari-
ables with a P value < 0.250, which served as potential pre-
dictors of EA. These variables are age > 45 years (odds ratio 
(OR): 2.29; confidence interval (CI): 0.65 - 8.02; P = 0.197), 
stage IV disease (OR: 0.35; CI: 0.10 - 1.26; P = 0.109), receiv-
ing radiotherapy (OR: 3.19; CI: 0.97 - 10.46; P = 0.056), re-
ceiving eight or more chemotherapy cycles (OR: 3.94; CI: 1.18 
- 13.21, P = 0.026), and receiving hormonal therapy (OR: 2.92; 
CI: 0.90 - 9.48; P = 0.074) (Table 2). The stage, ER and PR sta-
tus of subjects were excluded from the multivariable analysis 
as they had a VIF of more than 2.5 (Supplementary Material 2, 
wjon.elmerpub.com). However, none of the variables included 
in the multivariable regression proved to be significant predic-
tors of EA (Table 2).

In the univariable logistic regression analysis of LA, seven 
independent variables had a P value < 0.250, and hence are 
potential predictors of LA. These variables are age > 45 years 
(OR: 4.50; CI: 1.72 - 11.77; P = 0.002), parity > 1 (OR: 0.40; 
CI: 0.14 - 1.10; P = 0.077), stage IV disease (OR: 0.13; CI: 
0.03 - 0.49; P = 0.003), ER-positive status (OR: 3.58; CI: 1.34 
- 9.54; P = 0.011), PR-positive status (OR: 2.50, CI: 1.01 - 
6.17; P = 0.047), receiving eight or more chemotherapy cycles 
(OR: 2.75; CI: 1.09 - 6.96, P = 0.033), and receiving hormonal 
therapy (OR: 5.00; CI: 1.87 - 13.36; P = 0.001) (Table 3). The 
ER and PR status were excluded from the multivariable analy-
sis as they had a VIF of more than 2.5 (Supplementary Mate-
rial 3, wjon.elmerpub.com).

The multivariable logistic regression showed that age > 
45 (OR: 4.00; CI: 1.23 - 13.01; P = 0.021) and the usage of 
hormonal therapy (OR: 4.96; CI: 1.58 - 15.53; P = 0.006) in-
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creased the risk of LA. On the other hand, a metastatic disease 
status was protective against LA (OR: 0.20; CI: 0.04 - 0.90; P 
= 0.036) (Table 3).

Prognostic significance of TRA

The median follow-up duration was 54.4 months (range: 6.3 - 

75.0 months). The Kaplan-Meier survival curve for the overall 
cohort showed a decrease in survival probability throughout 
the follow-up period. The survival probability was 97.5% at 12 
months, 73.0% at 36 months, 69.8% at 60 months, and 66.9% 
at 72 months (Fig. 1a).

The Kaplan-Meier survival curves comparing patients with 
EA against patients without EA showed a significant divergence 
in OS. The EA group had a higher 2-year (92.5% vs. 46.2%) and 

Table 1.  Subject Demographics and Clinical Characteristics

Variables
Frequency n (%)

All No amenorrhea
Amenorrhea

Early amenorrhea (≥ 6 months) Late amenorrhea (≥ 12 months)
Age, years (median) 45.4 42.9 42.1 46.6
  ≤ 45 45 (55.6) 10 (71.4) 35 (52.2) 18 (40.0)
  > 45 36 (44.4) 4 (28.6) 32 (47.8) 27 (60.0)
Parity
  ≤ 1 24 (29.6) 0 (0.0) 24 (35.8) 17 (37.8)
  > 1 57 (70.4) 14 (100.0) 43 (64.2) 28 (62.2)
Stage
  I-III 65 (80.2) 9 (64.3) 56 (83.6) 42 (93.3)
  IV 16 (19.8) 5 (35.7) 11 (16.4) 3 (6.7)
ER status
  Negative 26 (32.1) 6 (42.9) 20 (29.9) 9 (20.0)
  Positive 55 (67.9) 8 (57.1) 47 (70.1) 36 (80.0)
PR status
  Negative 35 (43.2) 6 (42.9) 29 (43.3) 15 (33.3)
  Positive 46 (56.8) 8 (57.1) 38 (56.7) 30 (66.7)
BMI (WHO Asia-
Pacific) (mean ± SD)

23.5 ± 4.7 23.3 ± 5.7 24.1 ± 4.1 23.3 ± 4.4

  Obese 25 (30.9) 6 (42.9) 19 (28.4) 13 (28.9)
  Overweight 16 (19.8) 3 (21.4) 13 (19.4) 9 (20.0)
  Normal 32 (39.5) 4 (28.6) 28 (41.8) 19 (42.2)
  Underweight 8 (9.9) 1 (7.1) 7 (10.4) 4 (8.9)
Radiotherapy
  No 22 (27.2) 7 (50.0) 16 (23.9) 7 (15.6)
  Yes 59 (72.8) 7 (50.0) 51 (76.1) 38 (84.4)
Number of chemotherapy cycles
  < 8 30 (37.0) 9 (64.3) 21 (31.3) 12 (26.7)
  ≥ 8 51 (63.0) 5 (35.7) 46 (68.7) 33 (73.3)
Anthracycline-taxane regimen
  No 72 (88.9) 13 (92.9) 59 (88.1) 39 (86.7)
  Yes 9 (11.1) 1 (7.1) 8 (11.9) 6 (13.3)
Hormonal therapy
  No 29 (35.8) 8 (57.1) 21 (31.3) 9 (20.0)
  Yes 52 (64.2) 6 (42.9) 46 (68.7) 36 (80.0)

ER: estrogen receptor; PR: progesterone receptor; BMI: body mass index; WHO: World Health Organization; SD: standard deviation.
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3-year (78.2% vs. 46.2%) survival rate. Cox regression analysis 
revealed that EA was associated with a significantly lower risk 
of death (HR = 0.262, CI: 0.105 - 0.653; P = 0.002), conveying 
a protective effect of EA on survival (Fig. 1b).

The Kaplan-Meier survival curves also showed that the 
LA group had a higher 2-year (97.8% vs. 68.0%) and 3-year 
(86.3% vs. 55.5%) survival rate compared to patients without 
LA. Cox regression analysis showed that LA was also associ-
ated with a significantly lower risk of death (HR = 0.234, CI: 
0.091 - 0.604; P = 0.001), implying that LA also has protective 
effects on survival (Fig. 1c).

Discussion

Study novelty and primary findings

TRA in Indonesian patients with BC is rarely investigated. 
Given the limited data on this topic, this study fills an impor-
tant gap in understanding the incidence, risk factors, and prog-
nostic significance of TRA. Through the examination of both 
EA and LA, this study provides a comprehensive view on the 
occurrences of different durations of TRA, as well as their im-

Table 2.  Sociodemographic and Clinical Factors Associated With Early Amenorrhea After Breast Cancer Treatment

Variables Crude OR (95% CI) P Adjusted OR (95% CI) P
Age, years
  ≤ 45 Ref Ref
  > 45 2.29 (0.65 - 8.02) 0.197 2.44 (0.63 - 9.46) 0.196
Parity
  ≤ 1 Ref
  > 1 0 (0 - Inf) 0.993
Stage
  I-III Ref
  IV 0.35 (0.10 - 1.26) 0.109
ER status
  Negative Ref
  Positive 1.76 (0.54 - 5.74) 0.347
PR status
  Negative Ref
  Positive 0.98 (0.31 - 3.15) 0.977
BMI (WHO Asia-Pacific) (mean ± SD)
  Obese Ref
  Overweight 1.37 (0.29 - 6.48) 0.693
  Normal 2.21 (0.55 - 8.90) 0.264
  Underweight 2.21 (0.22 - 21.78) 0.497
Radiotherapy
  No Ref Ref
  Yes 3.19 (0.97 - 10.46) 0.056 2.20 (0.62 - 7.88) 0.224
Number of chemotherapy cycles
  < 8 Ref Ref
  ≥ 8 3.94 (1.18 - 13.21) 0.026 3.37 (0.93 - 12.24) 0.065
Anthracycline-taxane regimen
  No Ref
  Yes 1.76 (0.20 - 15.34) 0.608
Hormonal therapy
  No Ref Ref
  Yes 2.92 (0.90 - 9.48) 0.074 2.10 (0.60 - 7.37) 0.249

OR: odds ratio; CI: confidence interval; Ref: reference; ER: estrogen receptor; PR: progesterone receptor; BMI: body mass index; WHO: World 
Health Organization; SD: standard deviation; Inf: infinity.
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pact on survival.

Comparison to previous literature

There is a lack of consensus in describing the phenomenon of 
amenorrhea which occurs after starting the treatment of BC. 
Indeed, different terms, such as chemotherapy-induced amen-
orrhea [22-28], chemotherapy-related amenorrhea [11, 29, 30], 
and TRA [15, 31, 32] have been used. We opted to use TRA, as 
modalities other than chemotherapy, such as hormonal therapy 

[7, 11, 27, 31] and radiotherapy [33], may also cause amenor-
rhea. Various durations of lack of menses have also been used 
as cutoffs, including 3 months [22, 27-29], 6 months [15, 23, 
24, 30, 31, 34], 12 months [25-29], and 18 months [31]. There-
fore, we investigated using both 6 or more months (EA) and 12 
or more months (LA) as cutoffs in our study.

The incidence of EA in our study (82.7%) appears to be 
similar to that reported in a study in the USA (79.7%) [34], 
slightly higher than that in a study in Belgium (72.1-74.8%) 
[15] and in Japan (72.7%) [24]. The incidence rate in our re-
port is considerably higher than in other studies in the USA, 

Table 3.  Sociodemographic and Clinical Factors Associated With Late Amenorrhea After Breast Cancer Treatment

Variables Crude OR (95% CI) P Adjusted OR (95% CI) P
Age, years
  ≤ 45 Ref Ref
  > 45 4.50 (1.72 - 11.77) 0.002 4.00 (1.23 - 13.01) 0.021*
Parity
  ≤ 1 Ref Ref
  > 1 0.40 (0.14 - 1.10) 0.077 0.52 (0.15 - 1.79) 0.298
Stage
  I-III Ref Ref
  IV 0.13 (0.03 - 0.49) 0.003 0.20 (0.04 - 0.90) 0.036*
ER status
  Negative Ref
  Positive 3.58 (1.34 - 9.54) 0.011
PR status
  Negative Ref
  Positive 2.50 (1.01 - 6.17) 0.047
BMI (WHO Asia-Pacific) (mean ± SD)
  Obese Ref
  Overweight 1.19 (0.34 - 4.19) 0.790
  Normal 1.35 (0.47 - 3.88) 0.578
  Underweight 0.92 (0.19 - 4.54) 0.922
Radiotherapy
  No Ref
  Yes 1.06 (0.40 - 2.83) 0.911
Number of chemotherapy cycles
  < 8 Ref Ref
  ≥ 8 2.75 (1.09 - 6.96) 0.033 2.66 (0.85 - 8.35) 0.094
Anthracycline-taxane regimen
  No Ref
  Yes 1.69 (0.39 - 7.30) 0.480
Hormonal therapy
  No Ref Ref
  Yes 5.00 (1.87 - 13.36) 0.001 4.96 (1.58 - 15.53) 0.006*

*P < 0.05. OR: odds ratio; CI: confidence interval; Ref: reference; ER: estrogen receptor; PR: progesterone receptor; BMI: body mass index; WHO: 
World Health Organization; SD: standard deviation.



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   https://wjon.elmerpub.com206

TRA in Breast Cancer Patients World J Oncol. 2025;16(2):200-209

with one study reporting incidence rates of 24-50% [30], and 
another reporting an incidence of 36.2% [31]. The incidence 
of LA in our study (55.6%) is similar to what was reported 
in a study in Korea (57.7%) [27] and in Iran (58.8%) [25], 
considerably lower than a study in Pakistan (91.5%) [26], and 
slightly higher than another study in Indonesia (45.7%) [28] 
and one study in China (48.9%) [29]. The differences may re-
flect variations in genetic factors, healthcare settings, or treat-
ment approaches warranting further investigation to determine 
their specific roles in influencing the incidence of TRA. Incon-
sistent definitions and follow-up periods across studies com-
plicate direct comparisons, emphasizing the need for standard-
ized methodologies in future research on TRA.

We found that age > 45 is a predictor of LA. This is con-
sistent with previous studies, which report that the higher the 
age, the higher the risk of TRA [11, 24, 27-29, 32]. This effect 
may be due to the physiological decline in the number and 
quality of oocytes in the ovaries with aging [35]. Additionally, 

this may reflect an increased ovarian sensitivity to the cyto-
toxic effects of chemotherapy in older patients [9].

The usage of hormonal therapy increased the risk of LA, 
which is similar to what previous studies reported [11, 27, 31]. 
Hormonal therapies may disrupt ovarian function by reducing 
estrogen levels or blocking ERs [36], which may induce or 
prolong amenorrhea.

On the other hand, a metastatic disease status was protec-
tive against LA. An explanation for this finding is that patients 
with metastatic BC tended to receive shorter treatment courses 
and hence their ovaries had a lower cumulative exposure to 
cytotoxic agents, reducing the probability of amenorrhea (Sup-
plementary Material 4, wjon.elmerpub.com). Further investi-
gation is needed to explore potential biological and treatment-
related mechanisms behind this protective effect.

Both EA and LA had a protective prognostic effect on the 
3-year OS of patients, with LA having a slightly stronger ef-
fect. This finding is consistent with previous studies [15, 23, 

Figure 1. Kaplan-Meier survival curves for the overall cohort and for comparing patients according to their TRA status. (a) Ka-
plan-Meier curve for the overall cohort. (b) Kaplan-Meier curves comparing survival of patients with EA to patients without EA. (c) 
Kaplan-Meier survival curves comparing survival of patients with LA to patients without LA. TRA: treatment-related amenorrhea; 
EA: early amenorrhea; LA: late amenorrhea.

https://wjon.elmerpub.com
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34]. This suggests that the occurrence of TRA may reflect a 
stronger therapeutic response to treatment and indicate more 
effective ovarian suppression, contributing to more favora-
ble survival outcomes [9]. Additionally, this protective effect 
may also be linked to a decrease in circulating estrogen levels, 
which may inhibit the growth and progression of BC [37].

Clinical implications

This study has important clinical implications, particularly in 
the management of BC in premenopausal women. Our finding 
that TRA may be associated with better survival suggests that 
TRA may be used as a prognostic marker to stratify patients 
based on their likelihood of survival. However, TRA may lead 
to negative effects such as infertility and a diminished quality 
of life [11]. We identified key risk factors for the occurrence of 
TRA. This enables clinicians to better assess the risk of TRA 
in their patients, develop personalized treatment plans, and 
anticipate the need for symptom management. Incorporating 
discussions of the likelihood of TRA may guide patient ex-
pectations, improve treatment adherence, and address potential 
symptom management needs.

Study strengths and limitations

A strength of this study is the prospective gathering of data 
from patients with regular follow-up intervals, which enabled 
longitudinal monitoring of menstrual status. Furthermore, the 
usage of a trained interviewer in favor of a questionnaire ena-
bled two-way communication for clarification of questions or 
responses, which ensured accurate gathering of data and re-
duced misreporting. These allowed for a more reliable assess-
ment of TRA over time, further strengthening the validity of 
our study’s findings.

This study has several limitations. We did not utilize a 
menopause-specific scoring system or perform an endocrine 
profile assay, which could have offered a more accurate assess-
ment of the subjects’ menopausal status. Moreover, this analy-
sis did not consider some factors, such as cumulative dose, 
smoking, alcohol consumption, exercise, as well as stress 
levels and psychological factors, which may influence the oc-
currence of TRA and are potential subjects for future investi-
gations. Lastly, the study’s single-center design may limit the 
generalizability of these findings.

Conclusions

An age > 45 and the usage of hormonal therapy were inde-
pendent predictors of LA, while metastatic disease was associ-
ated with a decreased risk. Both EA and LA were associated 
with improved 3-year OS. These findings underscore the po-
tential role of TRA as a prognostic marker and emphasize the 
need for clinicians to consider TRA in personalized treatment 
planning and patient counseling. Further research is needed 
to better understand the mechanisms underlying these find-

ings and to optimize management of patients with BC patients 
who are at risk of TRA. Our study also highlights the need for 
standardization of the definition and assessment of TRA to im-
prove consistency across future research. Such standardization 
would allow for better comparisons of results and more robust 
conclusions.
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Suppl 1. Flowchart of subject selection for final analysis.
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