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Abstract

Background: Adjuvant endocrine therapy is the treatment for estrogen-
receptor (ER)-positive breast cancer (BC). Aromatase inhibitors (AIs) reduce 
recurrence risk but accelerate bone loss and fracture risk. Denosumab 
(DmAb), an antiresorptive agent, shows promise in mitigating these effects. 
Aims: To assess the short-term effects of DmAb and AIs on bone health in 
ER-positive BC patients using Radiofrequency Echographic Multi-
Spectrometry (REMS) compared with DXA.
Methods: Post-menopausal BC patients receiving AIs who were referred for 
osteoporosis assessment were retrospectively identified and classified into 2 
groups according to routine clinical management: patients receiving DmAb 
(Group A) or any anti-osteoporotic treatment (Group B). Bone health was 
evaluated at baseline (T0) and after 6 (T1), 12 (T2), and 18 months (T3). DXA 
was performed at T0 and T2, while REMS was also performed at T1 and T3.
Results: 364 patients were included in the study. Group B showed a 
progressive decline in spine and femoral BMD, detected at all time points. 
Conversely, Group A exhibited significant BMD improvements at both 
skeletal sites, observed at all time points. Over 18 months, lumbar spine 
REMS-BMD decreased of -3.92%±0.88% (p<0.0001) in Group B and 
increased by 5.28%±0.73% (p<0.0001) in Group A. Comparable trends were 
observed at the femoral site. 
Conclusions: This study, for the first time, quantifies the short-, medium- 
and long-term AIs effects on bone loss and the positive impact of DmAb on 
bone density recovery without radiation exposure. These findings support 
REMS as a reliable tool for longitudinal monitoring of treatment response in 
patients receiving anti-osteoporosis therapy. 

Keywords: Breast cancer; REMS; follow-up; Denosumab; Aromatase 
inhibitors; Radiofrequency Echographic Multi-Spectrometry. 
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Introduction

Adjuvant endocrine therapy is widely recognized as the standard treatment 
for hormone receptor-positive early-stage breast cancer (BC) [1, 2]. 
Specifically, aromatase inhibitors (AIs) are the preferred option for the 
treatment of post-menopausal women with oestrogen-receptor positive (ER+) 
BC [3], due to their ability to inhibit peripheral oestrogen production. AIs are 
often used either as an alternative to tamoxifen (which blocks oestrogen 
action) or in sequence following tamoxifen treatment [4, 5].
However, a notable side effect of AIs is their potential to negatively impact 
bone health. AIs by significantly lowering circulating oestrogen levels 
accelerate bone resorption at a rate estimated at 2- to 4-fold higher than the 
physiological resorption rate seen during menopause [3, 6–8]. As a result, 
women on AIs face an increased risk of fracture. In fact, BC patients have a 
hospitalization rate for osteoporotic fractures (such as hip, spine, and wrist 
fractures) of 1.25 times higher (95% CI: 1.23–1.28) than the general 
population [9], and real-world studies show that up to 18–20% of women on 
AIs may experience a fracture after 5 years of treatment [7, 10]. This elevated 
fracture risk is an immediate concern during active cancer treatment, 
particularly for patients already undergoing other therapies. Effective 
prevention and monitoring of these bone-related side effects are crucial in 
comprehensive treatment management, especially for patients with curable 
disease and long-life expectancies. 
Several antiresorptive treatments have proven effective in preventing and 
managing the bone health issues associated with aromatase inhibitors. 
Clinical studies have provided strong evidence that subcutaneous denosumab 
(DmAb) 60 mg, administered every six months alongside vitamin D3 
supplementation, significantly helps prevent fractures and increases bone 
mineral density (BMD) in BC patients undergoing adjuvant AI therapy [1, 2, 
11, 12]. 
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Bone health is typically assessed using densitometric techniques that 
measure BMD at key axial sites, such as the proximal femur and/or lumbar 
spine (LS). The results are expressed as T-scores, which compare the 
patient’s BMD of a healthy young population. The World Health Organization 
(WHO) defines a T-score between -2.5 and -1.0 as osteopenia, indicating 
reduced bone density [13] between normal levels and osteoporosis. 
Osteoporosis, a more severe condition, is diagnosed when the T-score is ≤ -
2.5, signifying very low BMD and compromised bone micro-architecture [14]. 
BMD is commonly measured using dual-energy X-ray absorptiometry (DXA), 
a X-ray-based technology.
For patients undergoing AIs therapy, which can cause significant changes in 
BMD over a short period, it is crucial to accurately assess both the absolute 
BMD value and the rate of BMD loss. To achieve this, repeated examinations 
are needed, with the frequency of assessments varying depending on 
individual risk factors and clinical circumstances. [7, 15]. Currently, there is 
still no broad consensus on the optimal timing for monitoring, although it is 
generally agreed that a minimum one-year interval between two consecutive 
DXA measurements is required to differentiate real BMD changes from the 
inherent precision errors of the DXA system. Furthermore, when evaluating 
short-term precision at the femoral neck in vivo using the Hologic DXA 
system, the coefficient of variation (%CV) and least significant change 
(%LSC) values were found to be 1.49% and 4.12%, respectively [16]. The best 
precision results reported so far for total spine measurements in a female 
population with an average age of 60 years, using the Hologic DXA system, 
showed %CV and %LSC values between 0.7%-0.8% and 2.0-2.1% [17]. 

Additionally, the presence of osteoarthritis or aortic calcification may lead to 
falsely elevated BMD measurements when using DXA [18].
In the last years, Radiofrequency Echographic Multi-Spectrometry (REMS) 
has emerged as an effective, non-ionizing method for assessing bone density 
at axial sites. REMS calculates BMD, and T-score values, by processing raw 
ultrasound signals obtained through echographic scans of the lumbar 

ACCEPTED MANUSCRIPTARTICLE IN PRESS

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



vertebrae and/or femoral neck [19, 20]. This technology has demonstrated 
high short-term precision, with a low variability, precisely %CV of 0.32% and 
a %LSC of 0.88% at the femoral site. Similarly, for the lumbar spine, the %CV 
is 0.38% and %LSC is 1.05% [19]. Recent studies have confirmed the efficacy 
of REMS for short-term monitoring of bone health. Notably, Pisani et al., 2023 
[21] showed that REMS could identify frail individuals and predict fracture 
risk over a 5-year follow-up, while Ramirez Zegarra et al., (2024) and 
Arechavaleta-Velasco et al., (2025) demonstrated its ability to monitor bone 
changes over a 6-month period, from the first to the third trimester of 
pregnancy [22, 23]. Similarly, REMS ability was also demonstrated in follow-
up on patients with type 2 diabetes mellitus [24]. When comparing the REMS 
BMD T-scores with those obtained from DXA, a strong correlation was 
observed at both the lumbar spine (r = 0.94, p < 0.001) and femoral neck (r 
= 0.93, p < 0.001) [19]. 
This study aimed to assess the short-, medium- and long-term effects of DmAb 
on bone health, in post-menopausal women with ER-positive BC treated with 
AIs, who were referred for osteoporosis assessment, comparing the results 
obtained using REMS technology with those obtained using DXA.

Materials and methods  

Study design and participants

This retrospective observational study was conducted as a collaboration 
between the Galateo Hospital in San Cesario di Lecce (Lecce, Italy) and the 
Oncology Department of the Vito Fazzi Hospital (Lecce, Italy). The study 
protocol received approval from the Ethics Committee (ID: 2258/11), and all 
participants provided written informed consent upon enrolment. 
This retrospective observational study included follow-up acquisitions 
performed between January 2018 and March 2025. Data were retrospectively 
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analyzed starting in June 2025. The study is reported in accordance with the 
STROBE statement for observational studies.
A total of 416 ER-positive BC patients eligible for adjuvant AI therapy, who 
were referred for osteoporosis assessment on axial reference sites were 
recruited.  All the patients received Vitamin D3 and calcium supplementation 
according to standard clinical practice. On the basis of medical prescription, 
subjects who received 60 mg of DmAb therapy every 6 months were included 
in Group A while in the Group B, the subjects who did not receive anti-
osteoporotic treatment were included. Denosumab was prescribed according 
to predefined clinical criteria (e.g., risk factors, clinician judgement).
The initial DXA and REMS scans were performed before the start of AI 
therapy, establishing the baseline BMD at time T0. Follow-up measurements 
were taken at 6 months (T1), 12 months (T2) and 18 months (T3) after AIs 
initiation. 
At T2, both DXA and REMS were performed, whereas at T1 and T3 only REMS 
was performed (see Figure 1), as DXA is not suitable for short-term follow-
up.  [25].
Exclusion criteria were: significant deambulation impairments; a BMI > 40 
kg/m2; AIs therapy starting before the trial inclusion.

Ethics approval

This study was approved by the local ethic committee and internal review 
board, and it was conducted in accordance with the ethical standards of the 
Declaration of Helsinki (1964). Informed consent was obtained from all 
participants

Procedures
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Bone mineral density at the lumbar spine and proximal femur was measured 
using a Discovery W scanner (QDR Series, Hologic, Waltham, MA, USA) for 
DXA scans, while REMS echographic scans were performed using an 
EchoStation device (Echolight S.p.a., Lecce, Italy), equipped with a convex 
transducer operating at the nominal frequency of 3.5 MHz. To ensure the 
accuracy of the DXA measurements, all scans were independently reviewed 
by two different experienced operators to eliminate potential errors related 
to patient positioning, data analysis, presence of artefacts, and inaccurate 
post-processing, as highlighted in recent studies [26]. 
Additionally, quality control procedures were implemented for all REMS 
reports to verify the correct transducer depth and focus selection [19].

DXA and REMS acquisitions

The DXA scans were performed following standard clinical protocols. For the 
femur scans, the patient’s leg was positioned straight on the table, with the 
femoral shaft aligned parallel to the vertical edge of the image. The leg was 
then internally rotated by 15° to 25°, using a dedicated positioning device to 
ensure accuracy. For the spinal scans, the patient’s hip and knee were both 
fixed at 90° angle. 
For REMS, the echographic scan of the lumbar spine was performed by 
acquiring ultrasound images of the L1-L4 vertebrae, with the convex probe 
placed on the patient’s abdomen. For femoral scans, the convex probe was 
positioned parallel to the femoral neck, with the probe indicator facing the 
patient. Once the target bone interface was visualized, the operator adjusted 
the scan depth and focus to optimize the results.  For an accurate follow-up 
assessment, REMS acquisition parameters (i.e., scan depth and focal 
settings) were kept consistent with baseline for each patient.  All acquisitions 
were performed by operators who had received the specific training and had 
at least 3 months of previous continuous experience in REMS acquisitions.
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Outcomes

The outcome of this study was to monitor the effects of AIs and DmAb on bone 
status in BC patients by means of both conventional annual DXA monitoring 
and follow-up scans performed every 6 months with REMS technology, to 
provide a more accurate short-term assessment.

Statistical analysis

To determine the sample size, calculation was performed following to the 
guidelines by the University of Wisconsin School of Medicine and Public 
Health, assuming a 95% confidence interval. The methodology used for 
estimating the sample size is based on a quantitative variable. The formula 
used for the calculation is:

Sample size = (Z1-α 2)2 ∙ SD2

d2

where: 

 Z1-α/2 (standard normal variate) = 1.96 (for a 95% Confidence Interval, 
p < 0.05;

 SD (Standard deviation of the variable) = expected BMD Standard 
Deviation, 0.11 g/cm2;

 d (Absolute error or precision) = 1.33% of the expected BMD mean 
value, based on Rodriguez-Sanz’s study, which reported an average 
BMD loss of 0.018 g/cm2 per year [15].

Writing these values into the formula, the required sample size per group was 
calculated as 143 patients, resulting in a total sample size of 286 patients. To 
account for potential dropouts (due to DmAb treatment interruption, death, 
absence of informed consent or exam inaccuracies), the total sample size was 
rounded up to 416 patients. 
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Continuous variables were reported as mean ± standard deviation (SD) or 
with interquartile ranges (25th and 75th quartiles) and normality was 
assessed using the Shapiro-Wilk test. Paired t-tests were used to assess 
statistically significant differences in BMD. Exploratory subgroup analyses 
were performed according to variables of interest (body mass index, BMI). 
All analyses and graphs were produced using MedCalc® Statistical Software 
version 22.021 (MedCalc Software Ltd, Ostend, Belgium; 
https://www.medcalc.org; 2024). A p-value < 0.05 was always considered 
statistically significant.

Results

A total of 416 BC patients (aged 40-71 year; with a BMI ranging from 15 to 
35 kg/m2) eligible for AIs therapy were screened for densitometric 
assessment. Out of 416 screened patients, 52 did not sign the informed 
consent to participate in the study.
The remaining 364 patients were included and classified into two groups. 
Group A (n = 189) received AIs plus denosumab (60 mg every six months), 
while Group B (n = 175) received AIs only (see Figure1).
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Figure 1. operative study protocol and participant flow.
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Group A consisted of 189 subjects with a mean age of 58.5 ± 4.6 y, while 
Group B included 175 patients with a mean age of 57.8 ± 4.5 y. The baseline 
characteristics of the patients were reported in Table 1.

Table 1. Baseline demographic and clinical characteristics of participants in 
Group A and Group B.

Variable Group B Group A p-value

n 175 189 n.a.

Age [years] (mean ± SD) 57.8 ± 4.5 58.5 ± 4.6

Body-mass index [kg/m2] (mean ± SD) 27.0 ± 5.5 26.4 ± 6.2

DXA T-score
LS
Femoral neck

-1.9 ± 1.2
-1.8 ± 1.0

-1.9 ± 1.2
-1.7 ± 1.0

0.68
0.21

REMS T-score
LS
Femoral neck

-1.8 ± 1.3
-1.8 ± 1.0

-1.9 ± 1.2
-1.7 ± 1.0

0.63
0.92

Table 2 reports the percentage change values and interquartile ranges (25th 
and 75th quartiles) between the two time points for both techniques. The 
percentage change was provided for both Group A, and Group B, for both 
femur and spine measurements, respectively.

Table 2. Percentage changes in femoral neck (FN) and lumbar spine (LS) 
bone mineral density (BMD) measured by DXA and REMS in Group A and 
Group B. FN = femoral neck; LS = lumbar spine.

DXA REMS

Site Scan 
delta

Group B Group A p Group B Group A p

FN T1-
T0

-0.86 (-1.28 - -
0.37)

0.83 (0.51 – 
1.13)

<0.0001
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T2-
T1 

-0.65 (-1.01 - -
0.29) 

0.90 (0.49 – 
1.27) 

<0.0001

T2-
T0

-1.21 (-2.04 - -
0.48)

1.84 (0.84 – 
2.55)

<0.0001 -1.50 (-2.08 - -
0.90)

1.74 (1.35 – 
2.07) 

<0.0001

T3-
T2

-1.41 (-2.19 - -
0.62) 

0.90 (0.43 – 
1.32) 

<0.0001

T3-
T1

-2.05 (-2.83 - -
1.35)

1.81 (1.40 – 
2.22)

<0.0001

T3-
T0

-2.89 (-3.51 - -
2.26)

2.65 (2.39 – 
2.90)

<0.0001

T1-
T0 

-1.21 (-1.77 - -
0.65)

1.92 (1.04 – 
2.80) 

<0.0001

T2-
T1

-1.12 (-1.67 - -
0.54)

2.19 (1.17 – 
3.16) 

<0.0001

T2-
T0

-2.11 (-3.35 - -
0.84)

3.86 (2.76 – 
4.86)

<0.0001 -2.34 (-2.91 - -
1.77)

4.16 (3.57 – 
4.72) 

<0.0001

T3-
T2

-1.61 (-2.64 - -
0.69)

1.08 (0.44 – 
1.68)

<0.0001

T3-
T1

-2.73 (-3.52 - -
1.94)

1.91 (1.04 – 
2.81)

<0.0001

LS

T3-
T0

-3.92 (-4.50 - -
3.28)

5.28 (4.77 – 
5.78)

<0.0001

At time T0, the average difference in BMD evaluated at the LS using both 
DXA and REMS techniques was not statistically significant (p = 0.57 for 
Group B and p = 0.40 for Group A).
At time T1, Group B showed an initial BMD decrease measured with REMS, 
resulting in a total decline of -1.21% ± 0.78% (p < 0.0001). In contrast, Group 
A showed a significant BMD increase of 1.92% ± 1.07% (p < 0.0001), due to 
the antiosteoporosis treatment with DmAb.
At T2, the following results were observed for LS (see Figure 2, lumbar spine 
scans): Group B displayed a further BMD decrease compared to T0, 
amounting to -2.11% ± 1.65% (p < 0.0001) according to DXA and -2.34% ± 
0.87% (p < 0.0001) based on REMS measurements. In contrast, Group A 
demonstrated a corresponding BMD increase of 3.86% ± 1.53% (p < 0.0001) 
by DXA and 4.16% ± 0.78% (p < 0.0001) by REMS. The average difference 
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in BMD change measured at T2 by the two techniques was not significant (p 
= 0.22 for Group B and p = 0.13 for Group A), . At time T3, Group B exhibited 
a further BMD decline, resulting in a total decrease of -3.92% ± 0.88% (p < 
0.0001) compared to T0 values. On the other hand, in Group A, DmAb 
treatment led to an additional BMD increase, culminating in a total BMD 
increase of 5.28% ± 0.73% (p < 0.0001) over the same 18-month period. 

Figure 2 – Lumbar Spine and Femoral Neck scans: 
Lumbar spine scans: Effect of DmAb and AIs on the mean percentage 
changes in BMD. 
(A) Percentage change in lumbar spine BMD for Group A, as measured by 
DXA and REMS. 
(B) Percentage change in lumbar spine BMD for Group B, as measured by 
DXA and REMS. 
Femoral neck scans: Effect of DmAb and AIs on mean percentage 
changes in BMD. 
(C) Percentage change in femoral neck BMD for Group A, treated with DmAb, 
as measured by DXA and REMS. 
(D) Percentage change in femoral neck BMD for Group B, treated with AIs, 
as measured by DXA and REMS.

Similar results were observed for femoral neck BMD (see Figure 2, femoral 
neck scans). At time T0, , the average difference in BMD obtained by DXA 
and REMS techniques was not statistically significant (p = 0.30 for Group B 
and p = 0.23 for Group A).
At time T1, Group B showed an initial BMD decrease measured with REMS, 
resulting in a total reduction of -0.86% ± 0.62% (p < 0.0001). In contrast, 

A

B

C

D
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Group A demonstrated a first BMD increase of 0.83% ± 0.12% (p < 0.0001) 
due to DmAb treatment.
At T2, Group B exhibited a BMD reduction of -1.21% ± 1.30% (p < 0.0001) 
measured by DXA, and a similar decrease of -1.50 ± 0.77% (p < 0.0001) 
according to REMS. In Group A, a BMD increase of 1.84% ± 1.18% (p < 
0.0001) and 1.74% ± 0.49% (p < 0.0001) was detected by DXA and REMS, 
respectively. As expected, the difference between the average BMD changes 
measured by the two techniques at T2 was not significant (p = 0.08 for Group 
B and p = 0.17 for Group A). 
At T3, Group B showed a total BMD decrease of -2.89% ± 0.86% (p < 0.001) 
over the entire treatment period, while Group A showed a total BMD increase 
of 2.65% ± 0.44% (p < 0.001) over the same period. 
When all subjects were stratified into two groups based on their BMI (under-
/normal-weight and overweight/obese), Group B showed a reduction in BMD 
values at both the femur and spine, as measured by DXA (T0 and T2) and 
REMS (T0, T1, T2 and T3). (Similarly, Group A demonstrated an increase in 
BMD values at both the femur and spine, measured by both DXA and REMS, 
at each time point. Table 3 presents the mean percentage change values and 
standard deviation, adjusted for BMI, between two time points for both 
measurement techniques.

Table 3. Mean percentage changes in lumbar spine and femoral neck 
measurements stratified by BMI category (under-/normal-weight, 
overweight/obese) assessed by DXA and REMS in Group A and Group B.

SPINE FEMORAL NECK
DXA

under-/normal-
weight

Overweight/ob
ese

under-/normal-
weight

Overweight/ob
ese

Group B (T0-
T2)

-2.1±1.7% -2.1±1.6% -1.3±1.3% -1.1%±1.3

Group A (T0-
T2)

3.8±1.5% 4.0±1.6% 1.9±1.1% 1.8±1.2%
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REMS
Group B (T0-
T1)

-1.1±0.7 -1.3±0.9 -0.9±0.6 -0.9±0.6

Group B (T0-
T2)

-2.2±0.8 -2.4±0.9 -1.5±0.8 -1.5±0.8

Group B (T0-
T3)

-3.8±0.8 -4.0±0.9 -2.8±0.8 -2.9±0.9

Group A (T0-
T1)

1.9±1.1 1.9±1.0 0.8±0.4 0.8±0.4

Group A (T0-
T2)

4.1±0.8 4.2±0.7 1.8±0.5 1.7±0.5

Group A (T0-
T3)

5.3±0.8 5.3±0.7 2.7±0.5 2.6±0.4

Discussion 

The data obtained in this study demonstrate that, although BMD declined 
over time in Group B (both at the spine and femoral neck) due to the effect of 
AIS, in Group A the treatment with DmAb resulted in a significant recovery 
of BMD, showing a substantial increase in bone mass at all time points 
compared to baseline. 
The evaluation of the effects of AIs on BC patients at T2, assessed using two 
different techniques, revealed a decrease in BMD relative to baseline at both 
the LS and femoral site. These findings were consistent with the evidence 
provided by Santen RJ., [5] which documents a uniform BMD reduction of 
approximately −3.0% to −5.4% in the LS and −2.0% to −4.0% in the hip at 2 
years follow-up in response to AIs. Additionally, the results of the present 
study are aligned with other research [27, 28] indicating that changes in BMD 
were most pronounced at the LS, likely due to the high sensitivity of 
trabecular bone in the vertebral body to hormonal alterations. The 
exploratory subgroup analysis found that overweight and obese patients 
experienced a greater loss of BMD, supporting the findings of Lloyd et al., 
[29] who reported that women with elevated BMI lost BMD more rapidly than 
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those with normal-weight [29]. Interestingly, although obesity was generally 
associated with higher trabecular bone mass and lower volumetric BMD due 
to adipose tissue [30], this may make overweight and obese BC patients more 
responsive to hormonal changes, as observed in the LS data.
The results obtained from patients treated with DmAb at T3 also support the 
findings of several studies, which report BMD increases of about 5.9% in the 
LS and approximately 3.0% in the hip following 2 years of DmAb therapy [1]. 
Additionally, these finding support REMS technology, known for its high 
precision and repeatability, [19], not only as an accurate method for 
diagnosing osteoporosis but also as a valuable tool for longitudinal 
monitoring bone mass changes and risk of fractures over short-, medium-, 
and long-term periods. Moreover, when compared to DXA, REMS showed 
comparable results, as already evidenced in literature [19, 31]
This study represents the first evaluation of the short-term (6 months), 
medium-term (12 months), and the long-term (18 months) effects of AIs 
administration on bone loss, as well as the impact of DmAb treatment on bone 
density recovery, in BC patients using REMS technology, supporting its 
feasibility in longitudinal monitoring. While previous studies have 
demonstrated the effect of AIs and DmAb after at least 12 months of 
treatment using DXA, this study offers new insights: 1) AIs induce bone loss 
within 6 months of treatment starting, and 2) adjuvant DmAb administration 
leads to significant and measurable BMD recovery at every 6-month follow-
up point, effectively mitigating the bone loss associated with AIs therapy. 
Major limitations of the study were: the failure to assess the different effects 
of various AIs on bone; the lack of monitoring of bone quality through the 
REMS Fragility Score parameter.

Conclusion

Given the global aging population, it is anticipated that more and more 
individuals will be affected by both osteoporosis and cancer, which 
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underscores the growing need for reliable monitoring of the effects of anti-
cancer therapies on bone health and, consequently, fracture risk. Thus, short-
, medium- and long-term follow-up assessments are crucial for accurately 
monitoring bone loss rates to ensure that the most appropriate 
pharmacological therapy is provided for each patient. The use of non-ionizing 
REMS technology supports longitudinal monitoring in AIs-treated BC 
patients, thereby facilitating earlier detection of bone loss.
In conclusion, monitoring BMD reduction due to AIs therapy and the 
assessing of the protective effects of DmAb on lumbar and femoral BMD 
variations highlight the importance of regular bone health monitoring during 
hormone-ablative therapy administration. This approach is vital for primary 
prevention in BC patients and underscores the need of early diagnosis and 
personalized anti-osteoporotic treatments to support the medical community 
in managing bone health during cancer treatment. 
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