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Introduction: Hormonal therapy (HT) blocks the hormone-mediated growth signal
dramatically reducing estrogenic levels with aromatase inhibitors (Als) becoming a
crucial component of the treatment mainstay in patients with early breast cancer (BC).
Postmenopausal BC patients receiving HT present with a significant risk of secondary
osteoporosis with Als further reducing estrogen levels and ultimately leading to an
accelerated rate of bone resorption and thus decreased bone mineral density (BMD).
This was an observational retrospective clinical study that consecutively enrolled early
BC patients with osteopenia to compare the impact of alendronate versus denosumab
on secondary osteoporosis prevention and pain control.

Methods: We identified two groups of patients treated with denosumab 60 mg
by subcutaneous injection once every six months or alendronate 70 mg orally
once a week. All the patients underwent a baseline physiatric evaluation (T0O) and
underwent a follow-up visit after 18 months (T1) together with femoral and
vertebral Dual-Energy X-ray Absorptiometry (DEXA) exam evaluating T-Score
marks. From September 2015 to December 2019 a total of 50 early (stage I-111) BC
patients were considered eligible and consecutively enrolled in our study if they
met pre-specified inclusion criteria.

Results: In the entire observed population, the addition of treatment with
alendronate or denosumab led to a significant T-score improvement at the
lumbar spine level (-1.92 vs -1.52, p=0.03), with a comparable contribution from
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alendronate (-1.60 vs -1.45, p=0.07) and denosumab (-2.26 vs -1.58, p=0.07).
Regarding the femoral region, neither alendronate (-0.98 vs -1.07, p=0.23) nor
denosumab (-1.39 vs -1.34, p=0.81) were able to produce any statistically relevant
effect. However, concerning pain control, BMAs had a significant impact on reducing
NRS scoresin the general population (T1 3.94 vs. baseline 4.32, p=0.007), with a
likelyspecific contribution from alendronate (T1 3.52 vs. baseline 3.88, p=0.004)
compared to denosumab (T1 4.36 vs baseline 4.76, p=0.12), without any differences
in analgesic therapy assumption over time (p=0.93).

Discussion: Both alendronate and denosumab significantly contributed to
preventing secondary osteoporosis in early BC patients with low BMD undergoing
Als, mostly at the lumbar spine level. Moreover, alendronate seemed to significantly
impact pain control in such patients further supporting alendronate as a cost-
effective option in this frail setting, although BMAs particularities should be carefully

considered on an individual basis according to specific clinical contexts.

KEYWORDS

alendronate, denosumab, secondary osteoporosis, pain control, breast cancer,
aromatase inhibitors (AIS)

1 Introduction

Breast cancer (BC) stands as one of the most prevalent forms of
cancer among women worldwide with approximately 80% of all
cases presenting with hormone receptor positivity in the post-
menopausal setting (1). In such patients, hormonal therapy (HT)
blocks the hormone-mediated growth signal dramatically reducing
estrogenic levels with aromatase inhibitors (Als) becoming a crucial
component of the treatment mainstay (2). However, alongside the
clinical survival benefit, Als determine short- and long-term
sequelae such as so-called cancer treatment-induced bone loss
(CTIBL) with consequent fragility fractures (3). As a result,
postmenopausal BC patients receiving HT present with a
significant risk of secondary osteoporosis with Als further
reducing estrogen levels and ultimately leading to an accelerated
rate of bone resorption and thus decreased bone mineral density
(BMD) (4). While postmenopausal women typically experience a
yearly decrease in BMD of approximately 1%, individuals using Als
can experience a substantial loss of approximately 5% in BMD each
year, nearly doubling the risk of secondary osteoporosis and
fractures (5). To date, bisphosphonates (BPs, such as alendronate,
risedronate, and zoledronate) and denosumab represent the current
Food and Drug Administration (FDA)-approved bone modifying
agents (BMAs) for treating and preventing osteoporosis in patients
with postmenopausal BC undergoing HT (6). Another compelling
Al-related side effect is represented by arthralgias and myalgias
which generally appear within a few months of starting treatment,
often leading to drug substitution or interruption (7, 8). The
pharmacological approach for pain control in patients with HT,
especially in the adjuvant setting, is very fragmented and to date,
there are no reference guidelines. In this frail clinical scenario, no

Frontiers in Endocrinology

head-to-head comparison between BPs and denosumab in terms of
anti-fracture efficacy, BMD loss prevention, and pain improvement
has been conducted yet. This retrospective study aims to compare
the impact of alendronate versus denosumab on secondary
osteoporosis prevention and pain control in women with
osteopenia and early BC undergoing adjuvant Als.

2 Materials and methods

2.1 Patients

This study was an observational retrospective clinical study that
consecutively enrolled early BC patients with osteopenia undergoing
BMAs at the Metabolic Bone Diseases Clinic of Physical Medicine
and Rehabilitation Department and receiving Als at the Oncology
Department at the University Hospital Paolo Giaccone in Palermo.
Patients were defined as eligible if they were at least 18 years old with
a histologically or cytologically confirmed diagnosis of estrogen and/
or progesterone receptor-positive (ER+ and/or PgR+) surgically
resected BC (stage I-III, according to TNM staging system, eighth
edition), low BMD (T-score between -1.0 and -2.5), in post-
menopausal status, ECOG-PS < 2, receiving at least one Al
(letrozole or anastrozole or exemestane). Exclusion criteria were:
primary osteoporosis (T-score below -2.5); active bone fracture; bone
metastases; severe renal failure; rheumatic diseases; and previous
therapy with BPs, denosumab, teriparatide, chemotherapy or bone
radiotherapy. The study was carried out according to the declaration
of Helsinki after the approval of the local ethical committee. The
protocol was fully explained and written informed consent was
obtained from each patient before enrolment.
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2.2 Study design and treatment

To address our hypothesis among the consecutively enrolled
patients, we identified two groups of patients treated with
denosumab 60 mg by subcutaneous injection once every six
months or alendronate 70 mg orally once a week. All the patients
underwent a baseline physiatric evaluation (T0) consisting of:
anamnestic data collection; physiatric objective exam; definition
of anthropometric characteristics of height/weight with Body Mass
Index (BMI) calculation; dorso-lumbar x-ray with semi-
quantitative Genant method evaluation; femoral and vertebral
Dual-Energy X-ray Absorptiometry (DEXA) exam evaluating T-
Score marks; first and second level blood and urine tests of bone
metabolism. Moreover, the patients filled in the Numerical Rating
Scale (NRS), Barthel Index (BI), and the Charlson Comorbidity
Index (CCI) for the evaluation of pain intensity, performance in
activities of daily living (ADL) and comorbidities, respectively.

All patients received cholecalciferol and calcium
supplementation and underwent a follow-up visit after 18 months
(T1) from the baseline visit (T0). At T1, the patients underwent a
new DEXA exam and a new dorso-lumbar x-ray with semi-
quantitative Genant method evaluation to evaluate the BMD and
the occurrence of vertebral fractures. DEXA exam was prescribed
after 18 months according to the international expert consensus
(9, 10).

2.3 Statistical analysis

Categorical data are presented as the number observed and
group percentage and continuous data are shown as the mean +/-
standard deviation. The distribution of patients in the treatment
groups (alendronate and denosumab) in consideration of each
variable selected at baseline was compared using the
heterogeneity chi-square test for categorical variables and the
Mann-Whitney test for continuous variables. Differences within
groups were explored using the paired parametric or non-
parametric tests according to data distribution (paired Student’s t-
test or Wilcoxon). One-way ANOVA analysis was performed to
investigate differences between treatment groups. To clarify the
potential impact of the baseline-recorded clinical variables
imbalance in the two treatment groups (alendronate and
denosumab) and their potential repercussions on the baseline
DEXA'’s (femoral and lumbar spine) T-scores and NRS values, we
conducted a multivariate linear regression analysis adjusted for age,
weight, height, BMI, number of bone fractures, CCI and BL In the
same fashion, to estimate the associations between clinical
parameters and NRS improvement probability in the different
groups, we performed a logistic regression analysis, producing
odd ratios (OR) and their respective 95% confidence intervals
(95% CI) as outcomes. A p-value < 0.05 was used as a threshold
for statistical significance. All the statistical analyses were
performed using SPSS statistics software, version 27 (IBM,
Armonk, NY, USA).
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3 Results
3.1 Patients’ characteristics

From September 2015 to December 2019 a total of 50 early
(stage I-IIT) BC patients were considered eligible and consecutively
enrolled in our study if they met pre-specified inclusion criteria. The
median age was 58 years (range 40-83 years) in the overall
population. The median age was 64 years (range 45-83 years) and
56 (range 40-76 years) in the denosumab and alendronate cohorts,
respectively. Furthermore, no differences were reported in the mean
CCI score between denosumab and alendronate (p=0.27) cohorts.
Likewise, similar baseline values were reported for BMI (p=0.6),
weight (p=0.5), and analgesics consumption (p=0.76), in both
cohorts. Patients in the alendronate cohort were significantly
taller than denosumab (p=0.02), with a lesser positive fracture
history (p<0.001) and a higher BI (p=0.03). Finally, no significant
differences for NRS (TO/NRS; p=0.1) and baseline lumbar and
femoral DEXA T-score (T0/T-score;0000 p=0.06) were registered
between groups (Table 1).

3.2 Pain evolution according to
denosumab or bisphosphonate therapy

After 18 months of follow-up time, we recorded DEXA’s
updated values (T1/T-score) and pain evaluation reported by the
patients, according to the NRS scale after antiresorptive therapy
(T1/NRS). Namely, we initially conducted a within-patient
evaluation to study whether each treatment was able to modify
the TO/T-score of the femoral neck and lumbar spine, as well as the
TO/NRS score after each treatment. Our results showed that, in the
entire observed population, the addition of treatment with
alendronate or denosumab led to a significant T-score
improvement at the lumbar spine level (-1.92 vs -1.52, p=0.03),
with a comparable contribution from alendronate (-1.60 vs -1.45,
p=0.07) and denosumab (-2.26 vs -1.58, p=0.07). Regarding the
femoral region, neither alendronate (-0.98 vs -1.07, p=0.23) nor
denosumab (-1.39 vs -1.34, p=0.81) were able to produce any
statistically relevant effect. However, concerning pain control,
BMAs had a significant impact on reducing NRS scores in the
general population (T1 3.94 vs. baseline 4.32, p=0.007), with a likely
specific contribution from alendronate (T1 3.52 vs. baseline 3.88,
p=0.004) compared to denosumab (T1 4.36 vs baseline 4.76,
p=0.12), without any differences in analgesic therapy assumption
over time (p=0.93) (Table 2). Then, we also conducted a between-
patients evaluation to study whether the different treatments
resulted in significant changes in terms of femoral and lumbar
spine TO/T-scores, as well as TO/NRS, in the two studied cohorts,
since these differences were not significant at the study entry, as
previously reported (TO0/T-score, p=0.06; Table 1). Our results
showed that neither alendronate nor denosumab, respectively,
were able to substantially affect femoral T-score (T1/T-score -0.98
vs baseline -1.39, p=0.19), lumbar spine T-score (T1/T-score -1.45
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TABLE 1 Baseline demographic and clinical characteristics of the
enrolled patients.

Denosumab
(n=25)

Alendronate

(n=25)

Mean (+/-SD or %)

Age 56 (+/- 10.7) 64 (+/- 11.9) 0.02
Weight 69 (+/-11.2) 67 (+/- 15.2) 0.5
Height 1.65 (+/- 0.08) 1.6 (+/- 0.07) 0.02
BMI 255 (+/-3.7) 26.3 (+/-7.6) 0.6
Analgesics (yes/no) 8/17 (47%) 7/18 (38.9) 0.76
Fractures history 0.36 (+/- 0.7) 2.01 (+/-1.8) <0.001
Basal femoral 1.07 (+/- 1.2) -1.35 (+/- 1.3) 0.44
T-score

Basal lumbar spine -1.60 (+/- 1.1) -2.26 (+/- 1.2) 0.06
T-score

Basal NRS 3.9 (+/- 1.3) 4.8 (+/-2.3) 0.1
Charlson’s Index 2.68 (+/- 0.9) 3.04 (+/- 1.4) 0.27
Barthel’s Index 89.4 (+/-9.8) 82.6 (+/-12.0) 0.03

The bold values provided are statistically significant.

vs baseline -1.52, p=0.74), or NRS (T1/NRS 4.36 vs baseline -3.52,
p=0.11) (Table 3).

3.3 T-score evolution and pain
onset relationship

In our patient cohort, we observed statistically not significant
+0.8% and +8.45% mean changes in femoral T-score (p=0.83)
following treatment with alendronate or denosumab respectively,
without any contribution to bone health improvement in such
skeletal site. Similarly, at the lumbar spine level, the addition of an
anti-resorptive therapy led to a clinical improvement in T-scores,
resulting in -11.78% and -18.4% mean changes with alendronate
and denosumab, respectively, however without any on treatment
statistically significant differences (p=0.82). Notably, those patients
presenting with a T-score improvement at both femoral and lumbar
spine levels were 8 out of 25 (32%) for alendronate and 9 out of 25
(36%) for denosumab, while those with a T-score worsening at both
skeletal levels were 3 out of 25 (12%) and 7 out of 25 (28%),
respectively. At the same time, we registered the T-scores after the

10.3389/fendo.2023.1297950

18-month follow-up period (T1/T-score). We recorded mean
femoral T1 score values of -1.49 and 0.98 for denosumab and
alendronate therapy, respectively. At the lumbar spine site, we
detected T1/T-score values of -1.6 and -1.45, and no differences
between groups were registered according to the femoral (p=0.19)
or lumbar spine (p=0.74) site (Table 2).

Further, to find out any clinical variables affecting the pain
control according to treatment subgroups at baseline, we performed
a logistic regression analysis. We labeled those patients showing an
NRS reduction of at least one point over treatment as NRS
responders whereas those who exhibited an increase or stability in
NRS score as NRS non-responders. The analysis was adjusted for
age, height, weight, BMI, improvement in femoral and/or lumbar
spine T-score, number of bone fractures, Charlson index, and
Barthel index. Our results revealed that a positive fracture history
resulted in a higher likelihood of pain control in the alendronate
group (OR: 5.60, 95% CI 1.14 - 27.37; p=0.03), whereas no baseline
characteristics seemed to influence the pain control in those
patients receiving denosumab.

4 Discussion

Despite being the most effective and administered hormonal
therapy in the post-menopausal BC setting, Als detrimentally
impact bone health eventually leading to secondary osteoporosis
which has been regarded as a particularly concerning adverse effect
predisposing to a higher risk of fractures and comorbidities (11). In
this vein, BPs and denosumab proved to play a crucial role in the
management of both metastatic and non-metastatic BC patients,
significantly reducing BMD loss and CTIBL while preventing from
secondary osteoporosis (12). However, despite several meta-analyses
and prospective trials showing the antiresorptive effect of BPs and
denosumab in BC patients (13, 14), existing international guidelines
do not provide explicit recommendations for the selection of BMAs
with only little data focusing on secondary osteoporotic prevention in
early-stage BC patients with low BMD. Further, even in the most
studied metastatic setting, a wide-spread consensus to support a direct
analgesic role for BPs and denosumab is still lacking, although
resulting in to delay the bone pain onset (15). In this retrospective
study, both alendronate and denosumab demonstrated a significant
fracture risk reduction in early BC patients with low BMD undergoing
Als, clinically improving 18-month T-scores mostly at the lumbar
spine level. This is consistent with previously published results in BC
that, however, included patients with all BMDs extensively focusing

TABLE 2 Within-patients evaluation of bone mineral density and pain evolution from baseline (T0) to follow-up visit (T1) according to treatment

subgroups.
Alendronate Denosumab
T1 p-value T1 p-value
Femoral T-score -1.20 -1.18 0.87 -1.07 0.98 0.23 -1.34 -1.39 0.81
Lumbar spine T-score -1.92 -1.52 0.03 -1.60 -1.45 0.07 -2.26 -1.6 0.07
NRS 4.32 3.94 0.007 3.88 3.52 0.004 4.76 4.36 0.12
NRS, number rating scale.
The bold values provided are statistically significant.
Frontiers in Endocrinology 04 frontiersin.org
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TABLE 3 Between-patients evaluation of bone mineral density and pain evolution from baseline (T0) to follow-up visit (T1) according to treatment

subgroups.

Alendronate (A) vs Denosumab (D)

Femoral T-score -1.07 -1.35
Lumbar spine T-score -1.60 -2.26
NRS 4.76 3.88

NRS, number rating scale.

on unselected early-stage or advanced patients with bone involvement
undergoing HT (16, 17). Despite the absence of direct comparisons,
one could argue that denosumab is perceived as a more convenient
option than BPs, albeit notably more expensive and lacking a
demonstrable impact on overall survival (18). Nonetheless, a recent
meta-analysis indirectly comparing denosumab and zoledronate in
the same clinical setting did not show any differences in BMD gain
between the two treatment groups, consistently with our results (19).
Moreover, a larger network meta-analysis underlined that only one-
third of BC patients receiving both BPs and adjuvant Als presented
with baseline T-score < -1.0, leading to inadequate statistical power to
detect anti-fracture efficacy and further supporting the originality of
our findings in this selected population (20, 21).

To avoid any selection bias, our study consecutively recruited a
cohort of patients broadly representative of the overall BC population
receiving HT, representing the first experience aimed at investigating
the role of BMAs for pain control in selected postmenopausal BC
patients with low BMD receiving adjuvant HT. Notably, BMAs seemed
to significantly mitigate pain onset in BC patients receiving adjuvant
Als, thus impacting quality of life. Namely, in terms of pain relief, we
found that alendronate led to an NRS statistically significant
improvement compared to denosumab. Despite a slightly less
pronounced positive fracture history in the alendronate group (mean
0.36 vs 2.01 in the denosumab group; Table 1), it is worth considering
that no differences in terms of baseline pain intensity, comorbidities, T-
score, and analgesics consumption over time between the two cohorts
were observed. Interestingly, such negligible fracture history resulted in
a higher chance of pain control in the BP cohort, whereas none of the
baseline clinical variables seemed to influence NRS in the denosumab
group despite presenting with a relatively greater fracture history. In
this vein, these results concurred with previous reports suggesting that
BPs might have a direct analgesic effect and with another larger study
that, although including 2,046 women with bone metastases only, did
not reveal any significant differences favoring denosumab over BPs in
terms of pain severity improvement (22-25). Translating these results
in terms of secondary osteoporosis prevention and pain control, the
cost-efficacy and the rare musculoskeletal adverse events of oral
alendronate should be considered in the clinic, especially when
compared to the financial burden of denosumab and the non-
negligible toxicities of analgesics or nonsteroidal anti-inflammatory
drugs (26-29).

Limitations of the study included the retrospective design, the
small sample size, and heterogeneity in the follow-up period that,
however reflecting a real-world scenario, may have affected the final
overall results, preventing us from deriving general conclusions.
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p-value T1A
0.44 -0.98 ‘ -1.39 0.19
0.06 -1.45 ‘ -1.52 0.74
0.1 4.36 ‘ 3.52 0.11

5 Conclusions

To date, international guidelines do not provide specific
recommendations for BMAs for postmenopausal BC patients
receiving adjuvant HT. Our retrospective findings confirmed that
both alendronate and denosumab significantly contributed to
preventing secondary osteoporosis in early BC patients with low
BMD undergoing Als, mostly at the lumbar spine level. Moreover,
alendronate seemed to significantly impact pain control in such
patients further supporting alendronate as a cost-effective option in
this frail setting, although BMAs particularities should be carefully
considered on an individual basis according to specific clinical contexts.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: Data could be available at reasonable request to
the authors. Requests to access these datasets should be directed to
antonio.russo@unipa.it.

Ethics statement

The studies involving humans were approved by Palermo 1
Institutional Ethic Review Board (protocol code 06/2020, 17/06/
2020). The studies were conducted in accordance with the local
legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

AG: Conceptualization, Data curation, Methodology, Software,
Validation, Visualization, Writing - original draft. VG: Conceptualization,
Methodology, Software, Validation, Visualization, Writing - original draft,
Writing - review & editing. DS: Conceptualization, Data curation,
Investigation, Resources, Visualization, Writing - original draft.
TDBR: Investigation, Writing - original draft. ST: Investigation, Writing -
review & editing. FV: Investigation, Writing - review & editing. FC:
Formal analysis, Writing - review & editing. ML: Visualization, Writing -
review & editing. FF: Writing - review & editing. VB: Project
administration, Supervision, Writing - review & editing. GM: Project
administration, Supervision, Writing - review & editing.
AR: Project administration, Supervision, Writing - review & editing.

frontiersin.org


https://www.antonio.russo@unipa.it
https://doi.org/10.3389/fendo.2023.1297950
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Galvano et al.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

ML contributed to the current work under the Doctoral
Programme in Experimental Oncology and Surgery, University of
Palermo. TDBR and ML contributed to the current work under the
Doctoral Programme in Experimental Oncology and Surgery,
University of Palermo.

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer ] Clin
(2023) 73(1):17-48. doi: 10.3322/caac.21763

2. Burstein HJ, Lacchetti C, Anderson H, Buchholz TA, Davidson NE, Gelmon KA,
et al. Adjuvant Endocrine therapy for women with hormone receptor-positive breast
cancer: American society of clinical oncology clinical practice guideline update on
ovarian suppression. J Clin Oncol (2019) 37(5):423-38. doi: 10.1200/JCO.18.01160

3. White M, Barre L. Aromatase inhibitor-associated bone loss: screening and
prevention. Arthritis Rheumatol (2020) 72 (suppl 10). Available at: https://
acrabstracts.org/abstract/aromatase-inhibitor-associated-bone-loss-screening-and-
prevention/. Accessed November 12, 2023.

4. Kalder M, Hadji P. Breast cancer and osteoporosis - Management of cancer
treatment-induced bone loss in postmenopausal women with breast cancer. Breast Care
(2014) 9(5):312-7. doi: 10.1159/000368843

5. Chen Z, Maricic M, Aragaki AK, Mouton C, Arendell L, Lopez AM, et al. Fracture
risk increases after diagnosis of breast or other cancers in postmenopausal women:
Results from the Women’s Health Initiative. Osteoporos Int (2009) 20(4):527-36. doi:
10.1007/s00198-008-0721-0

6. Anastasilakis AD, Polyzos SA, Makras P. Denosumab vs bisphosphonates for the
treatment of postmenopausal osteoporosis. Eur ] Endocrinol (2018) 179(1):R31-45. doi:
10.1530/EJE-18-0056

7. Bae K, Song SY. Comparison of the clinical effectiveness of treatments for
aromatase inhibitor-induced arthralgia in breast cancer patients: A protocol for a
systematic review and network meta-analysis. BMJ Open (2020) 10(5):e033461. doi:
10.1136/bmjopen-2019-033461

8. Roberts K, Rickett K, Greer R, Woodward N. Management of aromatase inhibitor
induced musculoskeletal symptoms in postmenopausal early Breast cancer: A
systematic review and meta-analysis. Crit Rev Oncology/Hematology (2017) 111:66-
80. doi: 10.1016/j.critrevonc.2017.01.010

9. Sawka AM, Ioannidis G, Papaioannou A, Thabane L, Olszynski WP, Brown JP,
et al. Are oral bisphosphonates effective in improving lumbar bone mineral density in
breast cancer survivors with osteopenia or osteoporosis? J Obstet Gynaecol Canada
(2005). doi: 10.1016/S1701-2163(16)30727-7

10. Akkawi I, Zmerly H. Osteoporosis: current concepts. Joints (2018) 6(2):122-7.
doi: 10.1055/s-0038-1660790

11. Cheng CH, Chen LR, Chen KH. Osteoporosis due to hormone imbalance: an
overview of the effects of estrogen deficiency and glucocorticoid overuse on bone
turnover. Int J Mol Sci (2022) 23(3):1376. doi: 10.3390/ijms23031376

12. The Society of Breast Cancer of China Anti-Cancer Association and Breast
Cancer Study Group Along Yangtze River. Chinese expert consensus recommendations
for management of bone health in female patients with early breast cancer (2022
edition). Precis Cancer Med (2022) 5:33. doi: 10.21037/pcm-22-57

13. Bassatne A, Bou Khalil A, Chakhtoura M, Arabi A, Van Poznak C, El-Hajj
Fuleihan G. Effect of antiresorptive therapy on aromatase inhibitor induced bone loss in
postmenopausal women with early-stage breast cancer: A systematic review and meta-
analysis of randomized controlled trials. Metabol Clin Exp (2022) 128:154962. doi:
10.1016/j.metabol.2021.154962

14. de Sire A, Lippi L, Venetis K, Morganti S, Sajjadi E, Curci C, et al. Efficacy of
antiresorptive drugs on bone mineral density in post-menopausal women with early
breast cancer receiving adjuvant aromatase inhibitors: A systematic review of
randomized controlled trials. Front Oncol (2022) 11:829875. doi: 10.3389/
fonc.2021.829875

Frontiers in Endocrinology

10.3389/fendo.2023.1297950

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed 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.

15. Porta-Sales J, Garzon-Rodriguez C, Llorens-Torromeé S, Brunelli C, Pigni A,
Caraceni A. Evidence on the analgesic role of bisphosphonates and denosumab in the
treatment of pain due to bone metastases: A systematic review within the European
Association for Palliative Care guidelines project. Palliative Med (2017) 31(1):5-25. doi:
10.1177/0269216316639793

16. Hadji P, Coleman RE, Wilson C, Powles TJ, Clézardin P, Aapro M, et al. Adjuvant
bisphosphonates in early breast cancer: Consensus guidance for clinical practice from a
European Panel. Ann Oncol (2016) 27(3):379-90. doi: 10.1093/annonc/mdv617

17. Porter I, Theodoulou E, Holen I, Harper-Wynne C, Baron-Hay S, Wilson C,
et al. Adoption of adjuvant bisphosphonates for early breast cancer into standard
clinical practice: Challenges and lessons learnt from comparison of the UK and
Australian experience. ] Bone Oncol (2021) 31:100402. doi: 10.1016/§.jb0.2021.100402

18. von Moos R, Costa L, Ripamonti CI, Niepel D, Santini D. Improving quality of
life in patients with advanced cancer: Targeting metastatic bone pain. Eur ] Cancer
(2017) 71:80-94. doi: 10.1016/j.ejca.2016.10.021

19. Abdel-Rahman O. Denosumab versus zoledronic acid to prevent aromatase
inhibitors-associated fractures in postmenopausal early breast cancer; a mixed
treatment meta-analysis. Expert Rev Anticancer Ther (2016) 16:885-91. doi: 10.1080/
14737140.2016.1192466

20. Miyashita H, Satoi S, Kuno T, Cruz C, Malamud S, Kim SM. Bone modifying
agents for bone loss in patients with aromatase inhibitor as adjuvant treatment for
breast cancer; insights from a network meta-analysis. Breast Cancer Res Treat (2020)
181(2):279-89. doi: 10.1007/s10549-020-05640-3

21. Galvano A, Castiglia M, Rizzo S, Silvestris N, Brunetti O, Vaccaro G, et al.
Moving the target on the optimal adjuvant strategy for resected pancreatic cancers: A
systematic review with meta-analysis. Cancers (Basel) (2020) 12(3):534. doi: 10.3390/
cancers12030534

22. Tolia M, Zygogianni A, Kouvaris JR, Meristoudis C, Margari N, Karakitsos P,
et al. The key role of Bisphosphonates in the supportive care of cancer patients.
Anticancer Res (2014) 34(1):23-37.

23. Baron R, Ferrari S, Russell RGG. Denosumab and bisphosphonates: Different
mechanisms of action and effects. Bone (2011) 48(4):677-92. doi: 10.1016/j.bone.2010.11.020

24. Vardy ], Agar M. Nonopioid drugs in the treatment of cancer pain. J Clin Oncol
(2014) 32(16):1677-90. doi: 10.1200/JC0O.2013.52.8356

25. Listi A, Barraco N, Bono M, Insalaco L, Castellana L, Cutaia S, et al. Immuno-
targeted combinations in oncogene-addicted non-small cell lung cancer. Trans Cancer
Res (2019) 8(Suppl 1):855-S63. doi: 10.21037/tcr.2018.10.04

26. De Luca R, Blasi L, Alu M, Gristina V, Cicero G. Clinical efficacy of nab-
paclitaxel in patients with metastatic pancreatic cancer. Drug Des Devel Ther (2018)
12:1769-75. doi: 10.2147/DDDT.S165851

27. Brazill JM, Beeve AT, Craft CS, Ivanusic JJ, Scheller EL. Nerves in bone: evolving
concepts in pain and anabolism. ] Bone Miner Res (2019) 34(8):1393-406. doi: 10.1002/
jbmr.3822

28. Bock O, Boerst H, Thomasius FE, Degner C, Stephan-Oelkers M, Valentine SM,
et al. Common muscoskeletal adverse effects of oral treatment with once weekly
alendronate and risedronate in patients with osteoporosis and ways for their
prevention. ] Musculoskelet Neuronal Interact (2007) 7(2):144-8.

29. Lin T, Wang C, Cai XZ, Zhao X, Shi MM, Ying ZM, et al. Comparison of clinical
efficacy and safety between denosumab and alendronate in postmenopausal women
with osteoporosis: A meta-analysis. Int J Clin Pract (2012) 66:399-408. doi: 10.1111/
j.1742-1241.2011.02806.x

frontiersin.org


https://doi.org/10.3322/caac.21763
https://doi.org/10.1200/JCO.18.01160
https://acrabstracts.org/abstract/aromatase-inhibitor-associated-bone-loss-screening-and-prevention/
https://acrabstracts.org/abstract/aromatase-inhibitor-associated-bone-loss-screening-and-prevention/
https://acrabstracts.org/abstract/aromatase-inhibitor-associated-bone-loss-screening-and-prevention/
https://doi.org/10.1159/000368843
https://doi.org/10.1007/s00198-008-0721-0
https://doi.org/10.1530/EJE-18-0056
https://doi.org/10.1136/bmjopen-2019-033461
https://doi.org/10.1016/j.critrevonc.2017.01.010
https://doi.org/10.1016/S1701-2163(16)30727-7
https://doi.org/10.1055/s-0038-1660790
https://doi.org/10.3390/ijms23031376
https://doi.org/10.21037/pcm-22-57
https://doi.org/10.1016/j.metabol.2021.154962
https://doi.org/10.3389/fonc.2021.829875
https://doi.org/10.3389/fonc.2021.829875
https://doi.org/10.1177/0269216316639793
https://doi.org/10.1093/annonc/mdv617
https://doi.org/10.1016/j.jbo.2021.100402
https://doi.org/10.1016/j.ejca.2016.10.021
https://doi.org/10.1080/14737140.2016.1192466
https://doi.org/10.1080/14737140.2016.1192466
https://doi.org/10.1007/s10549-020-05640-3
https://doi.org/10.3390/cancers12030534
https://doi.org/10.3390/cancers12030534
https://doi.org/10.1016/j.bone.2010.11.020
https://doi.org/10.1200/JCO.2013.52.8356
https://doi.org/10.21037/tcr.2018.10.04
https://doi.org/10.2147/DDDT.S165851
https://doi.org/10.1002/jbmr.3822
https://doi.org/10.1002/jbmr.3822
https://doi.org/10.1111/j.1742-1241.2011.02806.x
https://doi.org/10.1111/j.1742-1241.2011.02806.x
https://doi.org/10.3389/fendo.2023.1297950
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The role of bone modifying agents for secondary osteoporosis prevention and pain control in post-menopausal osteopenic breast cancer patients undergoing adjuvant aromatase inhibitors
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Study design and treatment
	2.3 Statistical analysis

	3 Results
	3.1 Patients’ characteristics
	3.2 Pain evolution according to denosumab or bisphosphonate therapy
	3.3 T-score evolution and pain onset relationship

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


