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Purpose: We compared the impact of tamoxifen alone or with ovarian function
suppression (OFS) on bone mineral density (BMD) in premenopausal patients
after chemotherapy.

Methods: Of 1483 premenopausal women enrolled in the ASTRRA study, we
included 522 who underwent BMD examinations at diagnosis and 3 and 5 years
after diagnosis. All BMD measurements were performed using the same scanner
in each center across different time points. Patients were stratified into three
groups: within the expected range for age (A, Z-score>-1.0), below the expected
range (B,-2.0< Z-score <-1.0), and low bone mineral density for chronological
age (C, Z-score< -2.0) groups. We examined changes in groups from baseline to
>3-year and 5-year periods to identify any deterioration in BMD. We conducted a
subset analysis using the Asan Medical Center (AMC; n=141) data, focusing on the
absolute value of bone density (in g/cm? unit).

Results: The 522 included patients (median age, 41.1 years) had a higher bone
loss incidence in the OFS addition group at baseline (p=0.028). The tamoxifen-
only and tamoxifen+OFS groups did not differ significantly in terms of changes in
BMD categories from baseline to 3 (p=0.567) or 5 years (p=0.600). The OFS
addition group had a significantly increased risk of BMD deterioration when
randomized at the first visit (odds ratio=2.970, p=0.008). Within the AMC subset,
the OFS addition group exhibited significantly decreased BMD in the spine
(p=0.023) and femur (p=0.040) from the baseline to 3-year period. A non-
significantly decreased BMD occurred from the baseline to 5 years in the spine
and femur.

Conclusion: Our findings highlighted the deleterious impact on BMD following
OFS addition, compared with tamoxifen only treatment. Early OFS exerted an
even more detrimental influence on bone health in premenopausal patients with
estrogen receptor-positive breast cancer and recovered ovarian function.
Abbreviations: ANOVA, analysis of variance; BMD, one mineral density; CTIBL,
Cancer treatment-induced bone loss; DXA, dual-energy X-ray absorptiometry;
HER2 human epidermal growth factor receptor 2; L-spin, lumbar spine; OFS,
ovarian function suppression; TAM, tamoxifen.

breast cancer, premenopausal women, chemotherapy, ovarian function, bone health

Introduction

The treatment options of premenopausal patients with estrogen
receptor-positive breast cancer is important for breast cancer
survivors; however, their treatment remains a considerable
challenge. Recent studies, including the ASTRRA (Addition of
Ovarian Suppression to Tamoxifen in Young Women With
Hormone-Sensitive Breast Cancer Who Remain Premenopausal
or Regain Vaginal Bleeding After Chemotherapy) trial, indicate
that adding ovarian function suppression (OFS) to tamoxifen
(TAM) can yield superior outcomes in premenopausal patients
who have undergone adjuvant chemotherapy (1-3). As the prospect
of outcomes improves, the side effects associated with OFS addition
have received increasing attention to preserve the survivors’ quality
of life (2).
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The role of bone health in cancer survivor’s quality of life is
emerging as an area of significant interest. Decreased bone mineral
density (BMD), especially in young females with breast cancer,
resulting in bone loss during their life span, can lead to severe
complications, such as fractures, severely affecting the quality of life
(4, 5). Furthermore, cancer treatment-induced bone loss (CTIBL) is
increasingly recognized in young patients with breast cancer
undergoing systemic chemotherapy and antihormonal therapy.
Although older American Society of Clinical Oncology guidelines
have suggested medical intervention for bone health only below
specific BMD thresholds, current guidelines advocate for regular
bone health monitoring among patients receiving aromatase
inhibitors or OFS (6).

Chemotherapy such as taxanes, doxorubicin, cyclophosphamide,
and cisplatin are associated with elevated bone resorption and can
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induce secondary amenorrhea in premenopausal women with breast
cancer, resulting in reduced BMD (7, 8). However, studies exploring
the impact of hormone therapy, especially regarding the addition of
OFS to TAM following chemotherapy, on BMD are relatively
rare (7).

The objective of the current study was to fill this gap in
knowledge by comparing BMD in premenopausal patients with
breast cancer who were taking TAM alone with those taking
additional OFS in the ASTTRA trial. Understanding the effects of
these treatments on bone health is critical for developing
therapeutic strategies that harmonize cancer treatment and
preservation of bone health, thereby enhancing the overall quality
of life of patients.

Methods
Patients

The ASTRRA trial, designed as a phase III, randomized
controlled multicenter trial involving 35 institutions across South
Korea from March 2009 to March 2014, served as the basis for this
study. Briefly, the study included premenopausal patients aged <45
years with estrogen receptor-positive, stages I-III breast cancer who
had undergone surgical and chemotherapy treatments. Ovarian
function was assessed biannually for a span of 2 years by
evaluating serum follicle-stimulating hormone levels or any
evidence of vaginal bleeding during this period. Once the
premenopausal status was confirmed, patients were randomized
to complete 5 years of either TAM alone or TAM plus 2 years of
OFS (GnRH: Gonadotropin-releasing hormone).

In this retrospective study, we focused on a subset of 522
patients from the ASTRRA cohort with available BMD data
categorized at baseline and 3 and 5 years after diagnosis. We
further explored the BMD results of the patients enrolled at the
Asan Medical Center (AMC) and obtained their specific T-score in
units of g/cm”.

Bone health monitoring and BMD
assessment

To assess bone health status, BMD was measured at the
following intervals: prior to surgery and subsequently 3- and 5-
year post-diagnosis. Based on the BMD results, patients were
classified into one of three categories: within the expected range
for age (A, Z-score>-1.0), below the expected range (B,-2.0< Z-score
<-1.0), and low bone mineral density for chronological age (C, Z-
score< -2.0) groups. Patients who transitioned into group B during
follow-up were administered calcium and vitamin D supplements
and educated on lifestyle modifications to improve bone health.
Patients with osteoporosis were asked to consult the endocrinology
department for specialized osteoporosis treatment.

BMD was examined using dual-energy X-ray absorptiometry
(DXA) with a Hologic QDR densitometer (Hologic, Inc., Waltham,
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MA). All BMD measurements were performed using the same
scanner at each center across different time points. The lumbar
spine (L-spine), femoral neck, and total femoral area on the right
side were assessed, and the L-spine and total femur data
were analyzed.

Statistical analysis

To investigate the baseline characteristics, patients were
stratified into two groups: those who received TAM and those
who received TAM combined with OFS. To assess the significance
of the differences between groups, two-sided chi-squared analysis
and Fisher’s exact test were utilized. Changes in BMD according to
each treatment were examined using the t-test, whereas analysis of
variance (ANOVA) was used to analyze differences among the
treatment groups at baseline and 3- and 5-year intervals.

All statistical tests were two-tailed, and a p-value <0.05 was
considered statistically significant. Statistical analyses were
performed using the IBM SPSS Statistics for Windows, ver. 20
(IBM Corp., Armonk, NY, USA).

Results
Patient characteristics

The study cohort comprised 522 patients from the ASTRRA
trial whose BMD measurements were collected for at least 5 years.
Among the 522 selected patients, 223 (42.72%) and 229 (57.28%)
were assigned to the TAM-only and TAM+OFS groups, respectively
(Figure 1). No statistically significant differences were observed
between the two groups in terms of baseline characteristics,
including age, lymph node status, tumor size, tumor grade,
histology, human epidermal growth factor receptor 2 (HER2)
status, chemotherapy regimen, and surgery or radiotherapy
history, showing comparable cohorts after randomization (Table 1).

Changes in BMD

Table 2 illustrates that the temporal changes in BMD between
the two groups showed distinct trends; in the table, ‘change’ refers
to the transition from one category to another. At baseline, the
TAM-only group had a significantly higher percentage of patients
with normal (Z-score>-1.0) (82.06%) than that of the TAM+OFS
group (73.91%; p=0.028). However, this difference narrowed over
time, especially at the 5-year follow-up, but did not reach a
statistical significance level (p=0.058). In both groups, patients
gradually experienced a progressive decline in bone density, with
no significant between-group differences (Table 2).

Interestingly, the proportion of patients with normal BMD was
substantially reduced in both treatment groups during the initial 3-
year period, declining from 82.06 to 57.49% in the TAM-only group
and from 73.91 to 54.58% in the TAM+OFS group (Figure 2).
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ASTRRA enrolled
N=1483
Patients with BMD data
at baseline, 3, 5 years
N=529
Exclusion: osteoporosis
at baseline
1 1 N=7
TAM only TAM + OFS
N=223 N=299
FIGURE 1

Flowchart showing patients included this study.

In a subgroup analysis focusing on patients from the AMC
cohort, fluctuations in T-scores were observed for the spine and
femoral regions. For most time intervals examined, no significant
differences were reported between the TAM-only and TAM+OFS
groups. However, we noted a significant divergence in T-scores
between the two treatment groups over the baseline to 3-year
period (spine: p=0.023, femur: p=0.040). However, this
significance level was not sustained in the subsequent 2-year period
(Tables 3, 4; Figure 3).

Variations in BMD change according to the
randomization period

Herein, we performed an in-depth analysis of BMD variations
from baseline to 5 years, particularly focusing on the influence of
randomization timing. After randomization at the initial visit after
enrollment, 12.9 and 30.56% of patients were assigned to the TAM-
only and TAM+OEFES groups, respectively. Additionally, patients
were randomized during their second (TAM-only: 34.48%, TAM
+OFS: 22.86%) and third (TAM-only: 30.95%, TAM+OFS: 22.86%)
visits post-enrollment. Notably, considering patients who were
randomized at the first visit, there was a significantly increased
risk of experiencing BMD changes when compared with those
randomized at later visits (odds ratio [OR] = 2.97, 95%
confidence interval [CI] = 0.84 - 10.55, p=0.008).

Discussion

Herein, we found no significant differences in the overall rate of
BMD change between the two treatment groups over 3- and 5-year
follow-ups when patients were categorized into within the expected
range for age group (A, Z-score>-1.0), below the expected range
group (B,-2.0< Z-score <-1.0), and low bone mineral density for
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chronological age group (C, Z-score< -2.0) groups. However, the
proportions of patients categorized as having normal BMD
substantially declined during the initial 3-year period in both
treatment groups. Furthermore, a detailed analysis of T-score
values revealed significant differences in the initial 3-year interval,
indicating a greater decrease in T-scores in the TAM+OFS group
compared with these in the TAM-only group. The timing of
randomization emerged as an important factor influencing BMD
outcomes. Specifically, patients who were randomized to start OFS
at the initial visit after enrollment exhibited a significantly increased
risk of experiencing BMD changes. This finding emphasizes the
importance of timing when initiating hormonal therapies that
include OFS, as early initiation appears to detrimentally impact
bone health (8).

Historically, research on BMD has predominantly focused on
postmenopausal women, given that postmenopausal status is a
critical factor in bone loss. These studies have primarily explored
the hormonal effects on bone health. However, with the advent of
diverse antihormonal treatments, including different regimens and
periods, the impact of these antihormonal interventions on bone
health in premenopausal women needs to be established.

Initially, when discussing the etiological factors of bone loss
during breast cancer treatment, potential factors include
chemotherapy, tamoxifen, and OFS. Chemotherapy, especially
cyclophosphamide, has been associated with bone density
decrease (9). The chemotherapy-mediated deterioration of
ovarian function has been identified as an instigator of bone loss
(10). However, some studies suggest that post-chemotherapy bone
loss is not merely a result of estrogen depletion but rather associated
with the cytotoxic impact of chemotherapy on bones (11, 12).
Consequently, a hypothesis has linked antihormonal therapy to
changes in BMD, although its implications remain inclusive (13).
Moreover, the ambivalent effect of TAM on bone health has been
suggested. Vehmanen et al. (11) reported that post-chemotherapy,
when menstruation resumes, TAM functions as an estrogen
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TABLE 1 Patient characteristics.

TAM only group (n=223)(%)

TAM+OFS group (n=299)(%)

10.3389/fonc.2025.1465256

Age at enrollment, years 0.199
<35 25 (11.21) 36 (12.04)
35-39 67 (30.04) 69 (23.08)
40-45 131 (58.74) 194 (64.88)
Lymph node status 0.764
Negative 97 (43.5) 134 (44.82)
Positive 126 (56.5) 165 (55.18)
Tumor size 0.851
<2cm 113 (50.67) 154 (51.51)
>2cm 110 (49.33) 145 (48.49)
Tumor grade 0.781
Gl 36 (16.14) 58 (19.4)
G2 113 (50.67) 150 (50.17)
G3 52 (23.32) 63 (21.07)
Unknown 22 (9.87) 28 (9.36)
Histology 0.833
IDC 201 (90.13) 266 (88.96)
ILC 9 (4.04) 12 (4.01)
Other 13 (5.83) 19 (6.35)
Unknown 0 (0) 2 (0.67)
HER?2 status 0.326
Negative 122 (54.71) 183 (61.2)
Positive 27 (12.11) 30 (10.03)
Unknown 74 (33.18) 86 (28.76)
Chemotherapy regimen 0.127
AC 63 (28.25) 93 (31.1)
ACT 124 (55.61) 161 (53.85)
AT 7 (3.14) 12 (4.01)
FAC 17 (7.62) 29 (9.7)
Other 2(0.9) 2 (0.67)
TAC 7 (3.14) 2 (0.67)
Unknown 3(1.35) 0 (0)
Surgery 0.535
™ 74 (33.18) 111 (37.12)
BCS 136 (60.99) 175 (58.53)
Unknown 13 (5.83) 13 (4.35)
Radiotherapy 0.756
Done 138 (61.88) 189 (63.21)
Not done 85 (38.12) 110 (36.79)
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TABLE 2 Temporal variation of BMD status and changes in BMD
overtime intervals.

TAM only TAM+OFS
group group
p-value
(N = 223) (N = 299)
VA (%)
BMD
Group A 183 (82.06) 221 (73.91) 0.028
baseline
Group B 40 (17.94) 78 (26.09)
Group A 119 (57.49) 149 (54.58) 0.793
3yr Group B 85 (41.06) 119 (43.59)
Group C 3 (1.45) 5(1.83)
Group A 130 (58.3) 156 (52.17) 0.058
5yr Group B 84 (37.67) 138 (46.15)
Group C 9 (4.04) 5(1.67)
Change
No change or | .3 73 g1y 208 (76.19) 0.567
3yr- better : ’ ’
baseline
worse 54 (26.09) 65 (23.81)
No change or | ) ¢\ 75 ) 222 (74.25) 0.600
Syr- better : ’ ’
baseline
worse 62 (27.8) 77 (25.75)
No change or | )09 (g1 3) 248 (90.84) 0.861
better
5yr-3yr
worse 18 (8.7) 25 (9.16)

antagonist. Conversely, under conditions of amenorrhea, TAM
exerts opposite functions, providing a protective benefit to bone
density (14, 15). Predominantly, in premenopausal women, bone
density declines concurrently with antihormonal treatment (16).
Kim et al. (17) revealed that the effect of TAM plus OFS causes a

TAM only

100.00% Group €
90.00%
80.00%
70.00%
60.00%
50.00%
4000%
30.00%
2000%
10.00%

0.00%
baseline 3 year 5 year

FIGURE 2
Proportions of BMD group in two groups.
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comparable degree of bone loss to that induced by chemotherapy.
Particularly in groups where OFS was added, cortical porosity and
trabecular deterioration were reportedly associated with estradiol
depletion (4). Additionally, in another study, after 2 years of OFS
administration, its effects were found to be reversible, impacting
both ovarian function and bone health (5, 13). Based on this
evidence, TAM and OFS may reduce BMD through distinct
mechanisms in patients experiencing ovarian function recovery.
Furthermore, considering the reversible nature of these effects,
initiating OFS immediately after the recovery of ovarian function
post-adjuvant chemotherapy may have substantial implications on
the bone health of premenopausal women.

The superiority of OFS addition to TAM post-chemotherapy, as
suggested by the ASTRRA and SOFT-TEXT trials, could improve
therapeutic outcomes (3, 18, 19). However, reduced bone health, a
concern evident from our baseline findings, revealed that a higher
incidence of bone loss was observed in the OFS addition group.
Regarding the management of bone health, monitoring and
treatment practices, such as BMD testing and administration of
antiresorptive agents, are mainly conducted among
postmenopausal women owing to the prevalent incidence of
osteoporosis within the demographic. Conversely, there is
minimal focus on younger patients despite these patients
undergoing chemotherapy and antihormonal therapy, both of
which are related to bone health. This is of clinical significance,
especially considering that diminished bone density in younger
patients can culminate into osteopenia or osteoporosis,
compromising their quality of life in the long run owing to
potential complications such as fractures. Furthermore, close
collaboration with policymakers is essential to ensure the effective
implementation of such medical practices.

Regarding the treatment for reduced BMD, the primary
modalities include calcium carbonate/cholecalciferol and
antiresorptive agents, such as denosumab and bisphosphonates.
Traditionally, antiresorptive agents have been prescribed to
postmenopausal women, partly owing to under-monitoring and

TAM + OFS
100.00% Croup C
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%
baseline 3 year 5 year
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TABLE 3 Temporal variation of Z-score and changes in Z-score over time intervals within the AMC cohort.

Time interval(months) TAM only (ref)(%) TAM+OFS(%) Odds Ratio(95% CI) p-value
Overall 62/223(27.8) 77/299(25.75) 0.91(0.61-1.33) 0.008
Visitl 0 4/31(12.9) 11/36(30.56) 2.97(0.84-10.55)
Visit2 6 40/116(34.48) 39/158(24.68) 0.62(0.37-1.05)
Visit3 12 13/42(30.95) 16/70(22.86) 0.66(0.28-1.56)
Visit4 18 5/21(23.81) 7/23(30.43) 1.40(0.37-5.35)
Visit5 24 0/13(0) 4/12(33.33) Infinity
A B
2 1
£
5 Z s
1 8
g
Bas;line 3 ylear 5 ylear Baslellne 3 ylear 5 y‘ear

FIGURE 3
Changes in Z-score over 5 years (A) Change of spine. (B) Change of femur, black line: TAM only, blue line: TAM+OFS.

TABLE 4 Variations in BMD from baseline to 5-years stratified by the rarity of early intervention in young patients. Antiresorptive
randomization time intervals. agents function by inhibiting the release of calcium ions from bone

and are typically administered based on a T-score of less than -2.5

TAM only TAM + OFS

(h=73) ) p-value (20). Certain studies, including the HOBOE trial, have suggested

that these agents exert benefits beyond bone health, improving

ine (AP . .
STz (47 breast cancer outcomes (21). According to the HOBOE trial, the
baseline 114 +0.12 116 + 0.14 0337 combination of bisphosphonate and ovarian suppression enhances
ayr . 105 +0.13 0,990 disease-free survival in premenopausal patients, accompanied by an
increase in toxicity when compared with patients who did not
5 1.03 £ 0.12 1.04 £ 0.14 0.638 - . .
i receive bisphosphonates. Additionally, a review study found that
Change early intervention with antiresorptive agents, such as denosumab
3yr-baseline 0.09 + 0.06 011 + 0,05 0,023 and bisphosphonates, could positively impact disease recurrence,
locoregional recurrence, and resistance to secondary endocrine
-baseli -0.11 £ 0.0 0.12 £ 0. 324 . .
Syr-baseline 011+ 0.06 0.12£ 006 03 therapy rather than primary resistance (22). However, due to the
5yr-3yr -0.02 + 0.04 -0.01 +0.04 0.158 risk of rebound bone loss and associated vertebral fractures
I following discontinuation of denosumab, many endocrinology
experts are hesitant to use. Consequently, bisphosphonates are
baseline 0.98 + 0.11 097 +0.12 0.678 . . .
currently preferred, especially in young patients. Supported by
3yr 0.94 £ 0.11 0.93 +0.12 0.688 these findings, early assessment and proactive management of
syr 0.93 + 0.1 092 + 0.12 0,839 bone health, including appropriate diagnostic evaluation and
pharmacologic intervention in premenopausal women, is valuable
SEIZE and should be integrated into clinical practice.
Syr-baseline -0.05 + 0.04 -0.06 + 0.04 0375 Regarding the limitations of the current study, this was a
Syr-baseline 0,05 + 0,04 0,06 + 0,04 0375 retrospective cohort analysis from the ASTRRA trial, and the
primary focus of the ASTRRA study was to assess the cancer
R 001003 0+003 0124 outcomes associated with the addition of OFS to TAM.
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Accordingly, there was a lack of etiological data, including body
mass index, hormonal profiles, and lifestyle behaviors, all of which
could influence BMD. Moreover, the trial lacked comparative
cohorts, such as subjects who received only chemotherapy or no
intervention. Therefore, if matching patients with control groups is
possible, it would enhance the precision of the analysis.

Nevertheless, the current study has substantial implications for
the clinical management of breast cancer, particularly in relation to
the bone health of young patients with breast cancer. For
premenopausal women experiencing the resumption of ovarian
function post-chemotherapy, this study advocates for a more
careful approach to BMD monitoring and early intervention if
needed (23). This requires a comprehensive consideration
extending beyond bone health to long-term quality of life
consequences (24). As the importance of bone health in the
quality of life of cancer survivors’ gains increasing attention, the
need for further large-scale randomized controlled trials to explore
the effects of various antihormonal therapy combinations on bone
health becomes imperative to formulate evidence-based
clinical guidelines.

Conclusion

Collectively, this study identified that the addition of OFS to
TAM adversely impacts BMD. Notably, early initiation of OFS
accentuates the negative impact on bone health, especially in
premenopausal patients with estrogen receptor-positive breast
cancer who have regained ovarian function.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: The datasets analyzed during the current
study are not publicly available as the personal information of
patients must be protected but are available from the
corresponding author on reasonable request. Requests to access
these datasets should be directed to Hee Jung Kim,
heejeongkim.br@gmail.com.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of the Asan Medical Center. The studies were
conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin because Due to the
retrospective nature of this study, the patients’ information
remains anonymous. Therefore, informed consent was
not required.

Frontiers in Oncology

10.3389/fonc.2025.1465256

Author contributions

ES: Writing - original draft, Writing - review & editing. SIK:
Data curation, Writing - review & editing. MP: Data curation,
Writing - review & editing. HAK: Data curation, Writing — review
& editing. YJ: Data curation, Writing — review & editing. JR: Data
curation, Writing - review & editing. EP: Data curation, Writing -
review & editing. SYK: Data curation, Writing - review & editing. EL:
Data curation, Writing - review & editing. ML: Data curation,
Writing — review & editing. LK: Data curation, Writing — review &
editing. SI: Data curation, Writing - review & editing. SB:
Data curation, Writing — review & editing. SHwK: Data curation,
Writing - review & editing. WL: Data curation, Writing — review &
editing. HY: Data curation, Writing — review & editing. HP: Data
curation, Writing — review & editing. KP: Data curation, Writing —
review & editing. TK: Data curation, Writing - review & editing. SP:
Data curation, Writing — review & editing. CL: Data curation,
Writing - review & editing. GK: Data curation, Writing — review &
editing. CP: Data curation, Writing - review & editing. HS: Data
curation, Writing - review & editing. YY: Data curation, Writing -
review & editing. SHeK: Data curation, Writing — review & editing.
BK: Data curation, Writing - review & editing. HJK:
Conceptualization, Data curation, Funding acquisition, Supervision,
Writing — review & editing.

Funding

The author(s) declare financial support was received for
the research and/or publication of this article. This research
was supported by a grant of the Patient-Centered Clinical
Research Coordinating Center (PACEN) funded by Ministry of
Health & Welfare, Republic of Korea (grant number: RS-
2024-00396822).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
constructed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


mailto:heejeongkim.br@gmail.com
https://doi.org/10.3389/fonc.2025.1465256
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Shin et al.

References

1. Zaman K, Thurlimann B, Huober J, Schonenberger A, Pagani O, Luthi J, et al.
Bone mineral density in breast cancer patients treated with adjuvant letrozole,
tamoxifen, or sequences of letrozole and tamoxifen in the BIG 1-98 study (SAKK
21/07). Ann Oncol. (2012) 23:1474-81. doi: 10.1093/annonc/mdr448

2. van Hellemond IEG, Smorenburg CH, Peer PGM, Swinkels ACP, Seynaeve CM,
van der Sangen MjC, et al. Breast cancer outcome in relation to bone mineral density
and bisphosphonate use: a sub-study of the DATA trial. Breast Cancer Res Treat. (2020)
180:675-85. doi: 10.1007/510549-020-05567-9

3. Kim HJ, Noh WC, Nam §J, Park BW, Lee ES, Im SA, et al. Five-year changes in
ovarian function restoration in premenopausal patients with breast cancer taking
tamoxifen after chemotherapy: An ASTRRA study report. Eur J Cancer. (2021)
151:190-200. doi: 10.1016/j.ejca.2021.03.017

4. Ramchand SK, Seeman E, Wang XF, Ghasem-Zadeh A, Francis PA, Ponnusamy
EJ, et al. Premenopausal women with early breast cancer treated with estradiol
suppression have severely deteriorated bone microstructure. Bone. (2017) 103:131-5.
doi: 10.1016/j.bone.2017.06.024

5. Sverrisdottir A, Fornander T, Jacobsson H, von Schoultz E, Rutqvist LE. Bone
mineral density among premenopausal women with early breast cancer in a
randomized trial of adjuvant endocrine therapy. J Clin Oncol. (2004) 22:3694-9.
doi: 10.1200/JC0.2004.08.148

6. Hadji P. Cancer Treatment-Induced Bone Loss in women with breast cancer.
Bonekey Rep. (2015) 4:692. doi: 10.1038/bonekey.2015.60

7. Doo L, Shapiro CL. Skeletal manifestations of treatment of breast cancer on
premenopausal women. Curr Osteoporos Rep. (2013) 11:311-8. doi: 10.1007/s11914-013-
0181-0

8. Poznak CHV. Bone health in adults treated with endocrine therapy for early
breast or prostate cancer. Am Soc Clin Oncol Educ Book. (2015) 35):e567-74.
doi: 10.14694/EdBook_AM.2015.35.e567

9. Banfi A, Podesta M, Fazzuoli L, Sertoli MR, Venturini M, Santini G, et al. High-
dose chemotherapy shows a dose-dependent toxicity to bone marrow osteoprogenitors.
Cancer. (2001) 92:2419-28. doi: 10.1002/1097-0142(20011101)92:9<2419::AID-
CNCR1591>3.0.CO;2-K

10. Wissing MD. Chemotherapy- and irradiation-induced bone loss in adults with
solid tumors. Curr Osteoporos Rep. (2015) 13:140-5. doi: 10.1007/s11914-015-0266-z

11. Vehmanen L, Elomaa I, Blomqvist C, Saarto T. Tamoxifen treatment after adjuvant
chemotherapy has opposite effects on bone mineral density in premenopausal patients
depending on menstrual status. ] Clin Oncol. (2006) 24:675-80. doi: 10.1200/JCO.2005.02.3515

12. Cameron DA, Douglas S, Brown JE, Anderson RA. Bone mineral density loss
during adjuvant chemotherapy in pre-menopausal women with early breast cancer: is it
dependent on oestrogen deficiency? Breast Cancer Res Treat. (2010) 123:805-14.

13. Taxel P, Faircloth E, Idrees S, Van Poznak C. Cancer treatment-induced bone
loss in women with breast cancer and men with prostate cancer. J Endocr Soc. (2018)
2:574-88. doi: 10.1210/js.2018-00052

Frontiers in Oncology

09

10.3389/fonc.2025.1465256

14. Powles TJ, Hickish T, Kanis JA, Tidy A, Ashley S, et al. Effect of tamoxifen on
bone mineral density measured by dual-energy x-ray absorptiometry in healthy
premenopausal and postmenopausal women. J Clin Oncol. (1996) 14:78-84.
doi: 10.1200/JC0O.1996.14.1.78

15. Richard R, Love MD, Mazess, Ph.D RB, Barden, Ph.D. HS, Sol Epstein MD,
Newcomb, Ph.D PA, et al. Effects of tamoxifen on bone mineral density in
postmenopausal women with breast cancer. N Engl ] Med. (1992) 326:852-6.
doi: 10.1056/NEJM199203263261302

16. Grossmann M, Ramchand SK, Milat F, Vincent A, Lim E, Kotowicz MA, et al.
Assessment and management of bone health in women with oestrogen receptor-
positive breast cancer receiving endocrine therapy: Position statement of the Endocrine
Society of Australia, the Australian and New Zealand Bone & Mineral Society, the
Australasian Menopause Society and the Clinical Oncology Society of Australia. Clin
Endocrinol (Oxf). (2018) 89:280-96. doi: 10.1111/cen.13735

17. Kim M, Kim H, Ahn SH, Tabatabaie V, Choi SW, Sohn G, et al. Changes in
bone mineral density during 5 years of adjuvant treatment in premenopausal breast
cancer patients. Breast Cancer Res Treat. (2020) 180:657-63. doi: 10.1007/s10549-020-
05566-w

18. Baek SY, Noh WC, Ahn S-H, Kim H-A, Ryu JM, Kim SI, et al. Adding ovarian
function suppression to tamoxifen in young women with hormone-sensitive breast
cancer who remain premenopausal or resume menstruation after chemotherapy: 8-year
follow-up of the randomized ASTRRA trial. J Clin Oncol. (2022) 40:506-6.
doi: 10.1200/JC0O.2022.40.16_suppl.506

19. Pagani O, Walley BA, Fleming GF, Colleoni M, Lang I, Gomez HL,
et al. Adjuvant exemestane with ovarian suppression in premenopausal breast
cancer: long-term follow-up of the combined TEXT and SOFT trials. J Clin Oncol.
(2023) 41:1376-82. doi: 10.1200/JCO.22.01064

20. Takahashi S. Management of cancer treatment-induced bone loss (CTIBL) in
patients with breast cancer or prostate cancer. ] Bone Mineral Metab. (2023) 41:307-16.
doi: 10.1007/s00774-023-01414-1

21. Perrone F, De Laurentiis M, De Placido S, Orditura M, Cinieri S, Riccardi F, et al.
Adjuvant zoledronic acid and letrozole plus ovarian function suppression in
premenopausal breast cancer: HOBOE phase 3 randomised trial. Eur J Cancer.
(2019) 118:178-86. doi: 10.1016/j.€jca.2019.05.004

22. Wang SF, Lin YS, Yeh WY, Chang YL, Chiang CE, Chen CH, et al.
The clinical benefits of antiresorptive agents in patients with primary breast cancer
receiving adjuvant endocrine therapy: A systematic review with pairwise and network
meta-analysis. J Clin Endocrinol Metab. (2023) 108:e1433-47. doi: 10.1210/clinem/
dgad247

23. Hadji P, Gnant M, Body JJ, Bundred NJ, Brufsky A, Coleman RE, et al. Cancer
treatment-induced bone loss in premenopausal women: a need for therapeutic
intervention? Cancer Treat Rev. (2012) 38:798-806.

24. Gourlay ML, Brown SA. Clinical considerations in premenopausal osteoporosis.
Arch Internal Med. (2004) 164:603-14. doi: 10.1001/archinte.164.6.603

frontiersin.org


https://doi.org/10.1093/annonc/mdr448
https://doi.org/10.1007/s10549-020-05567-9
https://doi.org/10.1016/j.ejca.2021.03.017
https://doi.org/10.1016/j.bone.2017.06.024
https://doi.org/10.1200/JCO.2004.08.148
https://doi.org/10.1038/bonekey.2015.60
https://doi.org/10.1007/s11914-013-0181-0
https://doi.org/10.1007/s11914-013-0181-0
https://doi.org/10.14694/EdBook_AM.2015.35.e567
https://doi.org/10.1002/1097-0142(20011101)92:9%3C2419::AID-CNCR1591%3E3.0.CO;2-K
https://doi.org/10.1002/1097-0142(20011101)92:9%3C2419::AID-CNCR1591%3E3.0.CO;2-K
https://doi.org/10.1007/s11914-015-0266-z
https://doi.org/10.1200/JCO.2005.02.3515
https://doi.org/10.1210/js.2018-00052
https://doi.org/10.1200/JCO.1996.14.1.78
https://doi.org/10.1056/NEJM199203263261302
https://doi.org/10.1111/cen.13735
https://doi.org/10.1007/s10549-020-05566-w
https://doi.org/10.1007/s10549-020-05566-w
https://doi.org/10.1200/JCO.2022.40.16_suppl.506
https://doi.org/10.1200/JCO.22.01064
https://doi.org/10.1007/s00774-023-01414-1
https://doi.org/10.1016/j.ejca.2019.05.004
https://doi.org/10.1210/clinem/dgad247
https://doi.org/10.1210/clinem/dgad247
https://doi.org/10.1001/archinte.164.6.603
https://doi.org/10.3389/fonc.2025.1465256
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Comparative study on bone mineral density in premenopausal patients with estrogen receptor-positive breast cancer in ASTRRA Study: a 5-year follow-up study
	Introduction
	Methods
	Patients
	Bone health monitoring and BMD assessment
	Statistical analysis

	Results
	Patient characteristics
	Changes in BMD
	Variations in BMD change according to the randomization period

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


