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ARTICLE INFO ABSTRACT

Keywords: Background: Based on available data in the literature, current evidence supporting the analgesic role of anti-
Bone metastases resorptive drugs is weak. This study compared the efficacy of zoledronic acid (ZA) and denosumab (Dmab) in
Bone pain

reducing bone pain and first Skeletal Related Events (SREs) in real world setting.

Methods: A retrospective observational cohort study was conducted in patients with female breast cancer-related
bone metastases at the Fondazione IRCCS Istituto Nazionale dei Tumori in Milan, Italy, from January 2008 to
January 2023. Patients were included if they had undergone at least 24 consecutive administrations of ZA or
Dmab. The primary endpoint was the analgesic effect, evaluated in terms of average pain intensity, analgesic
drug use (Word Health Organization analgesic ladder), and daily opioid doses (oral morphine equivalent, OME)
assessed at 3, 6, 12, 18, and 24 months, analyzed by Bayesian longitudinal mixed-effects models. Secondary
endpoints included first SREs and radiotherapy/surgery incidence.

Results: Among 364 patients (194 ZA, 170 Dmab), Dmab demonstrated a significant analgesic advantage. Dmab
group showed an 89 % lower likelihood of increasing one analgesic ladder step, a mean reduction of 0.4 points
on the numerical rating scale (95 % CI, —0.7, —0.1), and lower daily OME doses (0.77 mg vs. 6.2 mg for ZA). At
12 and 24 months, ZA and Dmab showed similar cumulative incidences of SREs and radiotherapy/surgery (p =
0.601 and p = 0.923).

Conclusions: Dmab showed consistent superior effect than ZA in reducing bone pain in metastatic BC, yet both
treatments delivered similar protection against SREs and the need for radiotherapy or surgery.

Denosumab
Zoledronic acid
Skeletal-related events
Breast cancer

1. Introduction as skeletal-related events (SREs) represented by hypercalcemia, spinal
cord compression, and pathological fractures and pain [3,4]. BM and

Bone metastases (BM) represent the main site of distant localization SREs require a multimodal approach, including bone-modifying agents

in patients with breast cancer (BC) [1]. They are associated with (BMAs). Among BMAs, zoledronic acid (ZA) and denosumab (Dmab),
increased hospitalizations, deterioration of quality of life, and higher represent the standard of care of BM [5-7]. Randomized controlled trials
mortality rates [2]. Major complications of bone metastases are defined (RCTs) evaluating the efficacy of antiresorptive agents have shown a
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reduction in the incidence of SREs and a delay in the onset of both initial
and subsequent SREs in cancer patients [8-14]. Stopeck and al [8].
concluded that Dmab is superior to ZA in delaying or reducing the
incidence of SREs.

Patients affected by bone metastases often have pain due to the direct
effect of the metastases on the bone or to an SREs [15-17]. A Cochrane
review examined the effectiveness of bisphosphonates (BPs) in
providing relief of pain due to BM [18]. The authors conclude that,
despite evidence suggesting that BMAs provided pain relief, the wide
heterogeneity in methods used to assess pain and endpoints precluded a
strong recommendation. A panel from the American Society of Clinical
Oncology (ASCO) confirmed the weakness of the evidence on this topic
[6,71.

RCTs have shown that Dmab delays pain onset or progression [19,
20]. Cleeland and al [19] highlight the effectiveness of Dmab in pre-
venting pain rather than ZA, although both drugs demonstrate similar
analgesic efficacy.

A 2017 systematic review represents the most recent update on the
topic of pain and BMAs [21]. The evidence supporting an analgesic role
for BMAs remains limited because of heterogeneity in pain assessment
tools and protocols does not permit a meta-analysis.

This study aims to compare the efficacy of ZA and Dmab in the
management of pain and SREs in a cohort of females with bone metas-
tases due to BC treated for at least 24 administrations. This report was
conformed to STROBE guidelines [22].

2. Methods

This is a retrospective, single-center, observational study conducted
at the Palliative Care Unit of the Fondazione IRCCS Istituto Nazionale
dei Tumori in Milan, Italy, from January 2008 to January 2023. Patients
were eligible if they were female, at least 18 years old, diagnosed with
breast cancer, had at least one bone metastasis, and received at least 24
monthly doses of ZA or Dmab.

The study was approved by the Ethics Committee (number: INT 139/
23). Due to the retrospective nature of the study obtaining informed
consent was not feasible.

2.1. SRE study definition

As reported in the literature, the need for orthopedic surgery or bone
radiotherapy (RT) performed prophylactically before an SRE has often
been categorized as an SRE. However, the primary aim of these therapies
is to prevent the occurrence of actual skeletal complications and pain
worsening. Thus, in this study, RT and orthopedic surgery events were
considered as competing factors alongside BMAs in delaying SREs and
bone pain. Therefore, our study defined an SRE as follows: pathological
fracture (vertebral or non-vertebral), spinal cord compression, and
hypercalcemia.

Nevertheless, a sensitivity analysis was conducted in accordance
with the conventional composite SRE definition, encompassing RT and
orthopedic surgery, to ensure the comparability with prior literature
(Supplementary methods).

2.2. Data collection at baseline

The data were obtained from electronic medical records. The
following baseline data for ZA or Dmab were collected: age at the start of
treatment, primary diagnosis date, histotype, estrogen and progesterone
receptor status and ERBB2-positive, history of prior skeletal morbidities,
BM diagnosis date and number, previous therapy with others BMAs,
ongoing anticancer therapy, baseline Eastern Cooperative Oncology
Group performance status (ECOG-PS), week average pain intensity
measured through a 0-10 numerical rating scale (NRS) [23] which is
part of routine clinical practice at our center, type of analgesia according
to the World Health Organization (WHO) (step I non-opioids, step II
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weak opioids, and step III strong opioids) [24] and opioid consumption
doses were expressed as a total daily dose (mg) of oral morphine
equivalent (OME) [25].

2.3. Data collection on the treatment period

Patients’ follow-up consisted of five subsequent visits, respectively
3,6,12,18, and 24 months after baseline evaluation. The data recorded at
each visit were ECOG-PS, ongoing anticancer therapy, bone disease
status, visceral disease status, weekly NRS, type of analgesia according
to the World Health Organization (WHO) analgesic scale step, opioid
consumption, type of SRE and date of the event. The incidence of RT and
bone surgery for pain management and fracture prevention or treatment
was also recorded.

2.4. Outcomes

The primary outcomes were the analgesic effect of ZA and Dmab on
bone pain. Pain outcomes included: 1) weekly average pain intensity
measured with NRS, 2) opioid consumption taken during the observa-
tional period, and 3) type of analgesic according to the WHO scale.
Secondary outcomes were the effect of ZA and Dmab on the onset of the
first on-study SRE and the need for RT and/or orthopedic surgery. Safety
endpoints included the incidence of adverse events as medical related
osteonecrosis of the jaw (MRONJ), and hypocalcemia [26,27] during the
treatment period.

2.5. Statistical analysis

Demographic characteristics were summarized using the median,
first and third quartile for continuous variables and absolute and relative
frequencies for categorical variables.

Three longitudinal Bayesian mixed-effects models were fitted to
evaluate the analgesic effects of Dmab and ZA, using three different pain
metrics as response variables: the WHO analgesic scale, the NRS, and
OME in mg. The three models shared the same covariates and three time-
dependent variables: the occurrence of an SRE, type of ongoing onco-
logic therapy, and RT or surgery. Fixed effects included a categorical
time variable with five levels to model changes in the response variable
over time, prior BP use, and BMA treatment. Given the ordinal nature of
the WHO scale, a Bayesian longitudinal cumulative mixed-effects model
was used, where higher Odds Ratios (ORs) corresponded to a greater
likelihood of a unit increase in the WHO scale. For OME, a loglp
transformation was applied to the response variable in a Gaussian
Bayesian mixed-effects (GBME) model to account for zero inflation. A
GBME model was also applied to NRS scores. To further quantify the
analgesic effects of the two drugs, the conditional effects representing
the effects on pain measurements, conditioned on the mean value for
numerical covariates and reference level for categorical ones were
examined.

Time to first SRE was calculated as the interval between the date of
start treatment with ZA or Dmab and the event date. A similar analysis
was performed for RT or surgery needs; these local treatments were
considered competing events concerning pain control. Observation
times, defined as the period from the start of treatment to the last in-
jection date, were censored for patients who did not experience SRE or
receive RT or orthopedic surgery within 24 treatment cycles.

Cumulative incidence curves were constructed using the Aalen-
Johansen estimator [28] to compare the effect of Dmab and ZA on
delaying the onset of the first SRE. Gray’s test was used to statistically
compare incidence curves. A multivariable Fine-Gray model was built to
quantify the effect of Dmab on delaying SREs, and it was also used to
assess the relationship between Dmab and the competing events. The
following covariates were included as adjustment factors: age, time from
metastatic diagnosis and initiation of palliative care, baseline presence
of SREs, WHO analgesic scale, NRS, prior BPs use, and baseline



G. Massa et al.

oncologic therapy. For cumulative incidence curves and Fine-Gray
models, 95 % confidence intervals (CIs) were reported, whereas 95 %
credible intervals were utilized for Bayesian analyses.

To address baseline imbalances and potential residual confounding,
inverse-probability-of-treatment weighting (IPTW) and doubly robust
(IPTW plus baseline covariate adjustment) sensitivity analyses were
performed both for pain outcomes and competing risk ones (Supple-
mentary Methods).

Statistical analyses were performed using R Studio, version 4.3.2.

3. Results

The medical records of 1063 patients with bone metastases from BC
who had been administered BMAs were retrospectively reviewed, and
699 patients were excluded (Fig. 1).

Consequently, a total of 364 BC patients treated with BMAs (194 ZA,
170 Dmab) for at least 24 administrations were selected.

Baseline patients’ characteristics are reported in Table 1. Good bal-
ance between treatment groups was observed for age, ECOG PS, re-
ceptors status and histotype, but some statistically significant
differences were observed. The time to activation of BMA treatment was
longer in the ZA vs Dmab group (4 vs 2.2 months, p < 0.001). Prior
exposure to oral or intravenous BP was 13.9 % in the ZA and 7.1 % in the
Dmab group (p = 0.004). The median time between the prior BP last
dose and ZA or Dmab start was 17.3 and 1.1 months, respectively (p =
0.002). Patients treated with Dmab differed significantly from those
treated with ZA in terms of oncologic treatments, 7 % of patients in the
ZA group vs 34 % of those in Dmab were treated with hormonal and/or
biological therapies.
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Study population longitudinal pain characteristics, along with the
oncologic therapies, SREs, and RT/Surgery, stratified by treatment, are
reported in Table 2.

Fig. 2 shows the trend of the WHO analgesic treatment scale level
(percentage; panel A), the NRS (mean; panel B), and the OME (mean mg;
panel C) over the observation period in the two treatment groups.
Despite the difference in terms of pain intensity observed between the
two groups at baseline, as shown in Fig. 2, the analgesic effect of Dmab
remains stable over time and was consistently superior to ZA. Thus, the
analgesic effect of Dmab appears to be independent from the initial pain
levels. Fig. 2B shows the mean NRS score trend in the Dmab and ZA
groups. The Dmab group had lower NRS scores compared to the ZA
group across each time point. The pain intensity result was linked with a
decrease in the percentage at WHO levels 1 and 2. Conversely, the ZA
group shows a decline in non-users and an increase in patients requiring
weak to moderate-strong opioids (Fig. 2A). Furthermore, the mean OME
dosage trend showed consistently lower values in the Dmab group
compared to the ZA cohort (Fig. 2C).

The results of the multivariable longitudinal Bayesian models
showed that Dmab has a significantly superior analgesic effect compared
to ZA (Fig. 3A-F).

Fig. 3A presents the cumulative-logit estimates on the WHO anal-
gesic scale. Dmab vs ZA yields an OR of 0.10 (95 % CI 0.04-0.25),
indicating about 90 % lower odds of escalation to a higher WHO step. In
absolute terms, model-based probabilities for a representative patient
(covariates at the mean) indicate a 93 % probability of remaining at
WHO step 0 with Dmab (95 % CI, 86 %97 %) versus 57 % with ZA (40
%-73 %), and a 1 % probability of requiring WHO>2 (1 %-3 %) versus
13 % with ZA (6 %23 %) (Supplementary Table Al; Fig. 3B).

1}
g Single institution electronic medical reports
3 total n=1063
©
§ (group Zoledronic Acid n=462 ; group Denosumab n=601)
y
y
<24 Administration zoledronic <24 Administration Denosumab
acid (268) reasons for exclusion (431) reasons for exclusion
e Death (38) e Death (36)
- e Patient wish (26) e Patient wish (31)
E e Loss to follow-up (50) e Loss to follow-up (100)
2 e (Clinical decision (85) e C(linical decision (118)
%" e Adverse events (16) e Adverse events (22)
e MRON]J (31) e MRONJ (35)
e Ongoing (13) e Ongoing (64)
e Others(7) e  Others (14)
e Men (2) e Men (11)
\ 4
) Cases for analysis (total n=364)
w
TE Group Zoledronic Acid {(n=194)
< Group Denosumab (n=170)

Fig. 1. Flowchart for real-world evidence study.
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Table 1
Baseline patients’ demographics and characteristics (n = 364).

Characteristic” Zoledronic Acid Denosumab (n p-
(n =194) =170) value®
No (%) No (%)
Median Age, years (Q1-Q3) 62.2 62.2 0.850
(52.7-70.9) (50.5-72.0)
ECOG PS 0.063
0 119.0 (61.3) 118.0 (69.4)
1 69.0 (35.6) 43.0 (25.3)
2 6.0 (3.1) 9.0 (5.3)
Histotype 0.470
Invasive Ductal Carcinoma 144.0 (76.6) 111.0 (71.2)
Invasive Lobular Carcinoma 29.0 (15.4) 26.0 (16.7)
Invasive Ductal Carcinoma and 1.0 (0.5) 3.0 (1.9)
Others
Invasive Ductal and Lobular 14.0 (7.4) 16.0 (10.3)
Carcinoma
Unknown 6 14
Positive HRPR status 164.0 (85.9) 123.0 (82.0) 0.331
Unknown 3 20
Positive HRER status 177.0 (92.7) 143.0 (93.5) 0.772
Unknown 3 17
ERBB2-positive 37.0 (20.1) 36.0 (29.8) 0.053
Unknown 10 49
Median Time from cancer 77.1 67.6 0.760
breast diagnosis and first BM, (25.2-148.6) (16.3-154.4)
months (Q1-Q3)
Median Time from BM 4.0 (2.2-15.1) 2.2 (1.3-4.3) <0.001
diagnosis and start
treatment, months (Q1-Q3)
Basal Related Skeletal Event 39.0 (20.1) 47.0 (27.6) 0.091
No of BM to initial diagnoses 0.005
One 164.0 (84.5) 123.0 (72.4)
Multiple 30.0 (15.5) 47.0 (27.6)
Previous BPs administration 27.0 (13.9) 12.0 (7.1) 0.035
Median Time from last BPSand  17.3 (9.7-27.9) 1.1 (1.0-2.6) 0.002
new one months (Q1-Q3)
Sites of metastasis 0.233
Only bone 120.0 (61.9) 88.0 (51.8)
Lung 37.0 (19.1) 48.0 (28.2)
Liver 14.0 (7.2) 15.0 (8.8)
Brain 20.0 (10.3) 14.0 (8.2)
Lung, Liver and Brain 3.0(1.5) 5.0 (2.9)
Therapy ongoing <0.001
None 41.0 (21.1) 8.0 (4.7)
Hormonetherapy 55.0 (28.4) 53.0 (31.2)
Chemotherapy 37.0 (19.1) 22.0 (12.9)
Radiotherapy and others” 50.0 (25.8) 43.0 (25.3)
Chemo and/or Biological 4.0 (2.1) 8.0 (4.7)
Hormone and/or Biological 7.0 (3.6) 34.0 (20.0)
Basal pain NRS median(Q1-Q3) 2.0 (0.0-4.0) 0.0 (0.0-0.0) <0.001
WHO scale 0.004
Step 0 121 (62.4) 100 (58.8)
Step 1 10 (5.2) 28 (16.5)
Step 2 32 (16.5) 22 (12.9)
Step 3 31 (16.0) 20 (11.8)
Total daily dose OME median 0.0 (0.0-15.0) 0.0 (0.0-0.0) 0.070
mg (Q1-Q3)

Abbreviations ECOG PS, Eastern Cooperative Oncology Group performance
status; HRP, Hormone receptor Progesterone; HRER, Hormone receptor estro-
gens; BMs, bone metastases; BPs, bisphosphonates; NRS, Numerical Rating
Scale; WHO World Health Organization; OME, Oral Morphine Equivalent.

# Radiotherapy interrupted from 1 month.

> Median (IQR) or Frequency (%).

¢ Wilcoxon rank sum test; Pearson’s Chi-squared test; Wilcoxon rank sum
exact test; Fisher’s exact test.

Fig. 3C provides coefficient estimates for the pain intensity model
according to the NRS score. Dmab reduces NRS scores by an average of
0.38 points (95 % CI, —0.65 to —0.11) compared to ZA. Notably, while
the NRS ranges from 0 to 10, 80 % of study population values are below
NRS 3. Fig. 3D illustrates the conditional effects from the treatment
model for pain intensity according to the NRS. Patients receiving Dmab
have a mean NRS score of 1.82 (95 % CI, 1.52-2.10), compared to 2.20
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(95 % CI, 1.91-2.48) for those in the ZA group (Supplementary
Table A1).

Fig. 3E displays the coefficient estimates from the loglp model of
opioid dosage in mg OME. Together with Fig. 3F, they show patients
receiving Dmab require an average of 0.42 mg (95 % CI, 0.04-1.09)
compared to 3.71 mg (95 % CI, 1.69-8.91) in the ZA group
(Supplementary Table A1). The OME distribution shows that 80 % of
values are below 15 mg, highlighting the difference between 0.42 mg
and 3.71 mg in the two groups.

In the overall population, the cumulative incidence (Supplementary
Fig. 1) of the first skeletal event is about 28.9 % (95 % CI, 24.2 %-33.7
%). Pathological fractures were the most frequent type of first SRE in ZA
(33 %) and in Dmab (28 %) group, followed by grade 1 hypercalcemia
(ZA 23 % 2 of them with grade 2 CTCAE and Dmab 24 %). The results of
the potentially superior analgesic effect of Dmab were confirmed in the
six sensitivity analyses performed (Supplementary Table A2).

The cumulative incidence curves of the first skeletal event and the
competitive events (radiotherapy/bone surgery), stratified by anti-
resorptive treatment, are reported in Fig. 4. At the 12 months, the cu-
mulative incidence of the first SRE was about 20 % (95 % CI, 14-26 %)
and 20 % (14-25 %) for Dmab and ZA respectively, while the cumulative
incidence for radiotherapy/bone surgery was about 28 % (21-35 %) and
30 % (24-36 %). At 24 months, the cumulative incidence of the first SRE
was about 27 % (20-43 %) and 30 % (23-36 %), while the cumulative
incidence for radiotherapy/bone surgery was about 35 % (28-42 %) and
36 % (30-43 %), for denosumab and ZA, respectively. No differences
were observed in the occurrence of the first SRE (Gray’s test p = 0.601)
and incidence of radiotherapy/bone surgery (Gray’s test p = 0.923) at
both 12 and 24 months between the two cohorts. Differences remained
not statistically significant in the multivariable analysis with the Fine-
Gray model (Supplementary Tables A3 and A4) for both the first SRE
and its competitive event Radiotheraphy/Surgery. Fine-Gray model re-
sults were also confirmed in the four sensitivity analyses performed
(Supplementary Table A5). Overlaid results were observed when
adopting the conventional SRE definition (Supplementary Table A6).

No patients showed symptoms attributable MRONJ [29] and hypo-
calcemia were generally mild (gradel-2 CTCAE) transient and not
associated with clinical sequelae.

4. Discussion

The primary aim of this study was to assess the analgesic effect of
Dmab and ZA in this specific population after at least 24 months of
treatment.

While clinical trials have demonstrated efficacy of BMAs in delaying
the onset of SREs regardless of the presence of symptoms or previous
SREs, the overall effect of BMAs on bone pain is a less well-defined topic.

Some RCTs and meta-analyses have demonstrated the efficacy of ZA
and Dmab in reducing bone pain when compared to placebo [21]. In
particular, Dmab delays the onset of moderate-to-severe pain by 1.8
months compared to ZA, it also reduces the probability of escalating
from weak to strong opioids or experiencing a quality of life decline due
to pain [16]. However, despite this evidence, there remains a lack of
real-world data supporting the analgesic effect of this drug over
extended periods of up to 24 months. This is particularly relevant for
therapeutic decision-making in common malignancies, such as meta-
static BC with or without bone pain [30]. Interestingly, baseline
assessment measures show that baseline pain intensity was greater in the
ZA group than in the Dmab group (Table 1). This difference may be
related to independent changes in the treatment history of the disease (e.
g. availability of new biological therapies as early-line therapies for BC
in the Dmab cohort) or more prompt access to BMA treatment for the
Dmab group.

The findings suggest that Dmab offers superior analgesic effects
compared to ZA. Specifically, Dmab was associated with a lower fre-
quency of escalation to higher steps on the WHO scale, a decreased
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Table 2
Longitudinal pain assessments, Skeletal Related Events and therapy stratified by treatment.
Characteristic” 0 (baseline) 3 months 6 months 12 months 18 months 24 months p-value”
Zoledronic Acid
Total daily dose OME median mg (Q1-Q3) 0-0 (0-0, 15-0) 0-0 (0-0,15-0) 0-0 (0-0, 15-0) 7-8 (0-0,22-0) 0-0 (0-0, 18-8) 8.0 (0.0, 22-0) 0-004
WHO scale No (%) <0-001
0 121.0 (62.4) 64.0 (33.0) 58-0 (29-9 %) 59-0 (30-4 %) 62-0 (32:0 %) 56-0 (28-9 %)
1 10.0 (5.2) 45.0 (23.2) 49.0 (25.3) 37.0 (19.1) 38.0 (19.6) 37.0 (19.1)
2 32.0 (16.5) 53-0 (27.3) 53.0 (27.3) 57.0 (29.4) 56.0 (28.9) 64.0 (33.0)
3 31.0 (16.0) 32-0 (16.5) 34.0 (17.5) 41.0 (21.1) 38.0 (19.6) 37.0 (19.1)
NRS median(Q1-Q3) 2.0 (0.0-4.0) 1.0 (0.0-3.0) 1.0 (0.0-2.0) 1.0 (0.0-3.0) 1.0 (0.0-3.0) 2.0 (0.0-3.0) <0.001
Oncological Therapy No(%) <0.001
None 41.0 (21.1) 22.0 (11.3) 20.0 (10.3) 16.0 (8.2) 8.0 (4.1) 14.0 (7.2)
Chemotherapy 37.0 (19.1) 55.0 (28.4) 48.0 (24.7) 39.0 (20.1) 45.0 (23.2) 41.0 (21.1)
Hormonetherapy 55.0 (28.4) 98.0 (50.5) 102.0 (52.6) 116.0 (60.0) 117.0 (60.3) 112.0 (57.7)
Chemo and/or Biological 4.0 (2.1) 12.0 (6.2) 14.0 (7.2) 12.0 (6.2) 12.0 (6.2) 10.0 (5.2)
Hormone and/or Biological 7.0 (3.6) 7.0 (3.6) 10.0 (5.2) 11.0 (5.7) 12.0 (6.2) 17.0 (8.8)
SREs No(%)
Pathologic Fracture 33.0 (17.0) 7.0 (3.6) 15.0 (7.7) 16.0 (8.2) 9.0 (4.6) 17.0 (8.8) <0.001
SCC 5.0 (2.6) 0.0 (0.0) 2.0 (1.0) 0.0 (0.0) 1.0 (0.5) 1.0 (0.5) 0.062
Hypercalcemia 6:0 (3.1) 3.0 (1.5) 9.0 (4.6) 13.0 (6.7) 13.0 (6.7) 19.0 (9.8) 0.006
Competitive events No(%)
Radiotherapy 50.0 (25.8) 33.0 (17.0) 20.0 (10.3) 25.0 (12.9) 26.0 (13.4) 19.0 (9.8) <0.001
Surgery 7-0 (3.6) 2.0 (1.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) <0.001
Denosumab
Total daily dose OME median mg (Q1-Q3) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.890
WHO scale No (%) 0.670
0 100.0 (58.8) 107.0 (63.0) 115.0 (67.6) 118.0 (69.0) 115.0 (67.6) 114.0 (67.1)
1 28.0 (16.5) 23.0 (13.5) 18.0 (10.6) 22.0 (12.9) 21.0 (12.4) 21.0 (12.4)
2 22.0 (12.9) 21.0 (12.4) 16.0 (9.4) 10.0 (5.9) 12.0 (7.1) 14.0 (8.2)
3 20.0 (11.8) 19.0 (11.2) 21.0 (12.4) 20.0 (11.8) 22.0 (12.9) 21.0 (12.4)
NRS median(Q1-Q3) 0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.523
Oncological Therapy No(%) <0.001
None 10.0 (5.9) 3.0 (1.8) 6.0 (3.5) 11.0 (6.5) 12.0 (7.1) 13.0 (7.6)
Chemotherapy 22.0 (12.9) 31.0 (18.2) 28.0 (16.5) 27.0 (15.9) 34.0 (20.0) 48.0 (28.2)
Hormonetherapy 53.0 (31.2) 66.0 (38.8) 66.0 (38.8) 69.0 (40.6) 68.0 (40.0) 55.0 (32.4)
Chemo and/or Biological 8.0 (4.7) 14.0 (8.2) 10.0 (5.9) 4.0 (2.4) 7.0 (4.1) 7.0 (4.1)
Hormone and/or Biological 34.0 (20.0) 56.0 (32.9) 60.0 (35.3) 59.0 (34.7) 49.0 (28.8) 47.0 (27.6)
SREs No(%)
Pathologic Fracture 41.0 (24.1) 6.0 (3.5) 10.0 (5.9) 11.0 (6.5) 13.0 (7.6) 13.0 (7.6) <0.001
SCC 8.0 (4.7) 0.0 (0.0) 1.0 (0.6) 0.0 (0.0) 1.0 (0.6) 2.0 (1.2) 0.001
Hypercalcemia 3.0 (1.8) 3.0(1.8) 8.0 (4.7) 7.0 (4.1) 11.0 (6.5) 21.0 (12.4) <0.001
Competitive events No(%)
Radiotherapy 43.0 (25.3) 36.0 (21.2) 7.0 (4.1) 13.0 (7.6) 18.0 (10.6) 15.0 (8.8) <0.001
Surgery 9.0 (5.3) 0.0 (0.0) 2.0 (1.2) 0.0 (0.0) 2:0 (1.2) 1.0 (0.6) <0.001

# Median (IQR) or Frequency (%).

b Kruskal-Wallis rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.

likelihood of using higher-level analgesics, and an increased likelihood
of not requiring pain medication. This trend is also confirmed by the
NRS scale, with values averaging 0.38 points lower than those in the ZA
group. Lastly, the mean OME was also lower in the Dmab group, with
0.42 mg compared to 3.71 mg in patients treated with ZA. Despite the
differences in NRS intensity and mean OME between the Dmab and ZA
groups may appear modest, they should be interpreted in the context of
80 % of patients having an NRS <3 and an average opioid dose <15 mg
OME. Thus, the relative impact of Dmab compared to ZA in reducing
pain intensity and subsequent opioid needs is significant. From clinical
perspective our results show a reduction of patients in need of strong
opioids for pain relief (13 % vs 1 % for ZA and Dmab respectively).
Future research should investigate whether this effect translates into
other tangible benefits for patients, such as improved quality of life or
reduced opioid-related toxicity. Moreover, it is also interesting to note
that while pain improves following both Dmab and ZA in the first 3
months, overall pain control is better in the Dmab group independently
from the difference at baseline (Figs. 2 and 3). This effect can be
attributed to the inhibition of the RANK/RANK-L pathway, allowing the
drug to block osteoclast activity and reduce the production of cytokines
and inflammatory molecules. These molecules impact sensory nerve
endings directly or indirectly by promoting inflammation in the sur-
rounding microenvironment [31,32]. These findings could suggest a

direct analgesic effect of Dmab, leading to reduced pain intensity and
lower opioid requirements. Our data on secondary endpoint indicate no
statistically significant difference between ZA and Dmab in delaying or
preventing SREs. Fig. 4 shows that the incidences are comparable be-
tween the two groups in terms of SRE occurrence as well as the need for
RT or orthopedic surgery. These results contrast with evidence from
Stopeck et al. [8], where Dmab was superior to ZA in delaying (HR =
0.82) or reducing SREs. However, this may be because our study
considered RT and orthopedic surgery as competitive events rather than
SREs. Furthermore, studies in the literature were conducted under ideal
and controlled conditions.

While ZA and Dmab have shown comparable efficacy in reducing
SREs, Dmab appears to have superior analgesic effect and provides
certain advantages regarding administration and tolerability.

While our single-center, observational design, and the requirement
for >24 consecutive doses may limit generalizability, and a randomized
clinical trial would be needed to definitely establish the analgesic effect
of Dmab, our relatively large sample and broad inclusion/exclusion
criteria support a meaningful real-world comparison of the two agents.
A further strength of this study is its consideration of the impact of RT
and orthopedic surgery on pain, classifying them as competing events
rather than SREs. This approach underscores the specific effects of bone-
targeting agents on bone pain and SREs.
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Fig. 2. Trend pattern of pain measurements across 0-24-month period stratified by treatment regimen.

A) changes over time in the WHO analgesic scale (Step 1 non opioid, Step 2 weak opioids, Step 3 Strong opioids, percentage); B) average pain level (NRS value,
mean); C) average OME dose (mean in mg). The blue represents the population treated with Zoledronic Acid, and the red represents the population treated with
Denosumab. The vertical error bar in B and C represents the 95 %CI. (For interpretation of the references to colour in this figure legend, the reader is referred to the

Web version of this article.)

5. Conclusion

In BC patients with skeletal metastases, Dmab was associated with
consistently better long-term analgesic control than ZA across primary
and sensitivity analyses, while prevention of SREs appeared similar
between agents. Although the retrospective design cannot exclude re-
sidual confounding, these findings suggest Dmab could be a reasonable

option for patients offering sustained pain control.
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