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Abstract: Objective: To evaluate the therapeutic effects of bisphosphonates (specifically zoledronic acid) combined 
with calcitriol on osteoporosis (OP) induced by endocrine therapy for breast cancer. Methods: A retrospective analy-
sis was performed on the clinical data from 150 patients with OP induced by endocrine therapy for breast cancer, 
who were admitted to Yuebei People’s Hospital from May 2020 to March 2022. Patients were divided into two 
groups based on their treatment regimens: 78 patients received oral calcitriol alone (control group), and 72 patients 
received zoledronic acid combined with calcitriol (study group). Clinical efficacy, pain severity, bone metabolism, 
bone mineral density (BMD), quality of life, and medication safety were compared between the two groups. Results: 
After 12 months of treatment, the total effective rate was significantly higher in the study group compared to the 
control group (95.83% vs. 79.49%, P < 0.05). Visual analogue scale (VAS) scores decreased progressively at 3, 6, 
and 12 months in both groups, with the study group showing significantly lower scores (all P < 0.05). Serum alka-
line phosphatase (ALP) levels and BMD of the hip, femoral neck, and lumbar spine significantly increased after 12 
months in both groups. Scores on the Quality of Life Questionnaire of the European Foundation for Osteoporosis 
41 (QUALEFFO-41) decreased significantly in both groups, with greater improvements seen in the study group (P 
< 0.05). Compared to the control group, the study group showed increased serum calcium and decreased serum 
phosphorus after 12 months (both P < 0.05). Fracture Risk Assessment Tool (FRAX) scores decreased at 12 and 
24 months in both groups, with lower scores in the study group (both P < 0.05). No adverse events were observed 
in either group during the treatment period. Conclusion: The combination of bisphosphonates (zoledronic acid) and 
calcitriol is effective in treating OP induced by endocrine therapy for breast cancer. This combination therapy can 
regulate bone metabolism, enhance BMD, improve quality of life, and reduce fracture risk, demonstrating a favor-
able safety profile.
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Introduction

Breast cancer is a hormone-dependent tumor, 
with cell proliferation and differentiation regu-
lated by various hormones, particularly estro-
gen. Estrogen stimulates the proliferation and 
differentiation of most breast cancer cells, 
playing a direct role in the onset and progres-
sion of the disease [1]. Endocrine therapy, 
which inhibits estrogen secretion, is widely 
used to alleviate symptoms and prolong sur-
vival in breast cancer patients, demonstrating 
proven efficacy [2, 3]. However, endocrine ther-
apy can disrupt bone metabolism, reduce bone 

mineral density (BMD), and lead to osteoporo-
sis (OP), thereby adversely affecting treatment 
outcomes, reducing quality of life, and negative-
ly impacting prognosis [4]. Consequently, effec-
tively managing OP induced by endocrine thera-
py in breast cancer patients is crucial.

Calcitriol is commonly used in clinical practice 
to treat OP, as it promotes intestinal calcium 
absorption and regulates bone mineralization 
[5, 6]. Despite its benefits, the treatment regi-
men requires further optimization. Recent stud-
ies indicate that bisphosphonates, known for 
inhibiting bone resorption and increasing bone 
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mass, are effective in treating conditions li- 
ke osteoporosis, osteoarthritis, hypercalcemia 
due to malignant bone metastases, and bone 
pain [7, 8]. However, there is a lack of system-
atic clinical trials evaluating the combined use 
of bisphosphonates and calcitriol for treating 
OP induced by endocrine therapy in breast can-
cer patients. This study aims to systematically 
assess the efficacy of bisphosphonates (zole-
dronic acid) combined with calcitriol in treating 
OP caused by endocrine therapy for breast can-
cer, providing a reference for developing clinical 
treatment protocols. The study findings are 
summarized below.

Materials and methods

General information

A retrospective analysis was conducted on the 
clinical data from 150 patients with OP induc- 
ed by endocrine therapy for breast cancer, who 
were admitted to Yuebei People’s Hospital 
between May 2020 and March 2022. Patients 
were grouped based on their treatment modali-
ties: 78 patients received oral calcitriol and 
were designated as the control group, while 72 
patients who received a combination of zole-
dronic acid and calcitriol and were designated 
as the study group. This study was approved  
by the Ethics Committee of Yuebei People’s 
Hospital.

Patient selection

Inclusion criteria: (1) Patients diagnosed with 
breast cancer and OP, where OP was induced 
by endocrine therapy such as tamoxifen or 
anastrozole [9, 10]. (2) Patients with complete 
clinical data. (3) Patients with a survival time of 
more than 6 months. (4) Patients without tumor 
metastasis.

Exclusion criteria: (1) Patients with a prior his-
tory of OP. (2) Pregnant or lactating women. (3) 
Patients allergic to calcitriol, zoledronic acid, or 
other drugs used in this study. (4) Patients who 
used medications affecting bone metabolism 
within 6 months prior to enrollment. (5) Patients 
with other malignant tumors or severe organ 
dysfunction. (6) Patients with conditions affect-
ing bone metabolism, such as hyperthyroidism. 
(7) Patients with immune system diseases or 
severe infectious diseases.

Methods

Control group: Patients were treated with cal-
citriol (Chengdu Tiantaishan Pharmaceutical 
Co., Ltd., Country Medicine Accurate Charac- 
ter Number: H20041946) at a dose of 0.5 μg, 
taken orally twice daily for 12 months.

Study group: Patients received a combination 
of calcitriol and bisphosphonate zoledronic 
acid (Sichuan Hairong Pharmaceutical Co., Ltd., 
Country Medicine Accurate Character Num- 
ber: H20183098). Calcitriol administration was 
identical to that in the control group. Zoledronic 
acid was administered at a dose of 5 mg, dis-
solved in 250 ml of 0.9% NaCl solution, and 
given via intravenous infusion every 3 months 
for 12 months.

Observation indicators

Clinical efficacy [10]: Significant efficacy: Visual 
analogue scale (VAS) scores decreased by 
more than 70% compared to baseline, with a 
significant increase in BMD as shown by dual-
energy X-ray absorptiometry (DEXA). Effective: 
VAS scores decreased by 30%-70% compared 
to baseline, without affecting daily activities or 
sleep, and DEXA showed no decrease in BMD. 
Ineffective: Did not meet the criteria for signifi-
cant efficacy or effectiveness. The total effec-
tive rate is the sum of the significant efficacy 
and effective rates.

Pain severity: Pain was assessed using VAS 
scores before treatment and at 3, 6, and 12 
months post-treatment. Scores range from 0 to 
10, with higher scores indicating greater pain 
severity [11].

Bone metabolism [12]: Blood samples (3 ml 
fasting venous blood) were collected from both 
groups before and 12 months after treatment. 
Serum levels of calcium, phosphorus, and alka-
line phosphatase (ALP) were measured using 
automated biochemical analyzers (Roche 
Diagnostic Products Ltd.).

BMD [13]: BMD levels at the hip, femoral neck, 
and lumbar spine were measured using DEXA 
before and 12 months after treatment.

Quality of life: The Quality of Life Questionnaire 
of the European Foundation for Osteoporosis 
41 (QUALEFFO-41) was used to assess quality 
of life before and 12 months after treatment 
[14]. The questionnaire includes 7 dimensions, 
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with scores ranging from 0 to 100; lower scores 
indicate better quality of life.

Fracture risk: The Fracture Risk Assessment 
Tool (FRAX) was used to calculate fracture risk 
coefficients before treatment and at 12 and 24 
months post-treatment [15].

Medication safety: Adverse reactions were 
monitored and recorded for both groups.

Statistical methods

SPSS 23.0 software was used for statistical 
analysis. Categorical data (efficacy, medication 
safety) were expressed as n (%) and analyzed 

using the χ2 test. Continuous variables (VAS 
scores, bone metabolism indicators, BMD, 
QUALEFFO-41 scores) were expressed as mean 
± standard deviation (

_
x  ± sd) and analyzed 

using the t-test. Repeated measures ANOVA 
was used to analyze VAS scores over multiple 
time points. A P-value of < 0.05 was considered 
statistically significant.

Results

Comparison of general data

There were no statistically significant differenc-
es between the two groups regarding mean 
age, TNM stage, pathological type, or tumor 
site (all P > 0.05). See Table 1.

Comparison of clinical efficacy

After 12 months of treatment, the total effec-
tive rate in the study group was 95.83%, signifi-
cantly higher than the 79.49% observed in the 
control group (P < 0.05). See Table 2.

Comparison of pain severity

Before treatment, there was no significant  
difference in pain severity between the two 
groups (P > 0.05). However, VAS scores gradu-
ally decreased in both groups after 3, 6, and 12 
months of treatment, with the study group 
showing significantly lower scores (all P < 0.05). 
See Figure 1.

Comparison of bone metabolism indexes

No significant differences in bone metabolism 
indexes were observed between the two groups 

Table 1. Comparison of baseline data between the two groups

Group Age (years) TNM stage  
(stage I/II, n)

Pathologic type (invasive ductal carcinoma/ 
mucinous carcinoma/invasive lobular carcinoma, n)

Tumor site  
(left/right, n)

Control group (n=78) 58.84±5.37 35/43 55/8/15 40/38
Study group (n=72) 59.31±5.08 30/42 47/8/17 39/33
χ2/t 0.550 0.157 0.513 0.125
P 0.583 0.692 0.774 0.724

Table 2. Comparison of clinical efficacy between the two groups n (%)
Group Visible effectiveness Effective Ineffective Total effectiveness
Control group (n=78) 42 (53.85) 20 (25.64) 16 (20.51) 62 (79.49)
Study group (n=72) 49 (68.06) 20 (27.78) 3 (4.17) 69 (95.83)
χ2 9.043
P 0.003

Figure 1. Comparison of pain levels between the 
two groups. This image shows a gradual decrease in 
VAS scores after 3, 6, and 12 months of treatment 
in both groups, with the study group showing lower 
scores. Note: VAS: visual analogue scale. Compared 
with Pre-treatment, *P < 0.05.
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before treatment (P > 0.05). After 12 months, 
ALP levels significantly increased in both 
groups, with higher levels in the study group (P 
< 0.05). The study group also showed a signifi-
cant increase in calcium and a decrease in 
phosphorus compared to the control group (all 
P < 0.05). See Figure 2.

Comparison of BMD at various sites

Before treatment, there were no significant dif-
ferences in BMD at various sites between the 
two groups (all P > 0.05). After 12 months, 
BMD significantly increased at the hip, femoral 
neck, and lumbar spine in both groups, with  
the study group showing higher BMD levels (all 
P < 0.05). See Table 3.

Comparison of quality of life

QUALEFFO-41 scores were not significantly dif-
ferent between the groups before treatment (P 
> 0.05). After 12 months, both groups showed 

significant reductions in QUALEFFO-41 scores, 
with the study group having lower scores (P < 
0.05). See Table 4.

Comparison of fracture risk

There was no significant difference in FRAX 
fracture risk coefficients between the two 
groups before treatment (P > 0.05). Both 
groups experienced a gradual reduction in 
FRAX scores after 12 and 24 months of treat-
ment, with significantly lower scores in the 
study group (both P < 0.05). See Table 5.

Comparison of medication safety

No adverse effects were observed in either 
group during the treatment period.

Discussion

Breast cancer remains one of the most preva-
lent tumors in women, with an increasing inci-

Figure 2. Comparison of bone metabolism indexes between the two groups. A: Ca; B: ALP; C: P. Note: 1. Control 
group before treatment; 2. Control group after treatment; 3. Study group before treatment; 4. Study group after 
treatment. Compared with Pre-treatment, ***P < 0.001; Compared with the control group, ###P < 0.001. Ca, calcium; 
P, blood phosphorus; ALP, alkaline phosphatase.

Table 3. Comparison of BMD at different locations between the two groups (
_
x  ± Sd)

Group 
Hip Femoral neck Lumbar spine

Pre-treatment 12 m after 
treatment Pre-treatment 12 m after 

treatment Pre-treatment 12 m after 
treatment

Control group (n=78) 0.65±0.14 0.78±0.19* 0.66±0.10 0.75±0.15* 0.59±0.11 0.83±0.18*

Study group (n=72) 0.68±0.16 0.92±0.22* 0.64±0.08 0.91±0.17* 0.60±0.13 0.95±0.20*

t 1.224 4.180 1.345 6.122 0.510 3.867
P 0.223 < 0.001 0.181 < 0.001 0.611 < 0.001
Note: Compared with Pre-treatment, *P < 0.05. BMD, bone mineral density.
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dence and a trend towards affecting younger 
patients. With advancements in medical tech-
nology, endocrine therapy has become a pri-
mary treatment modality for breast cancer. This 
therapy controls estrogen levels, inhibits hor-
mone aromatization, reduces estrogen recep-
tor levels, or blocks their expression, effectively 
alleviating symptoms [16]. The commonly used 
drugs in endocrine therapy are aromatase 
inhibitors and estrogen receptor antagonists, 
which reduces estrogen secretion, alters the 
tumor cell environment, and inhibits tumor 
growth. However, reduced estrogen levels also 
decrease osteoblast activity and increase 
osteoclast resorption, leading to bone loss, 
secondary OP and a higher risk of fractures [17, 
18]. While calcitriol is widely used in OP treat-
ment due to its ability to promote calcium 
absorption and regulate bone mineralization, 
its efficacy as a monotherapy is limited [19]. 
Therefore, identifying effective strategies to 
improve clinical outcomes for osteoporosis 
induced by endocrine therapy for breast cancer 
is crucial.

Bisphosphonates, such as zoledronic acid and 
alendronate sodium, have become first-line 
treatments for OP due to their ability to inhibit 
bone resorption and increase bone mass [20]. 
This study evaluated the effects of combining 
bisphosphonates (zoledronic acid) with calcitri-

ol in treating OP induced by endocrine therapy 
for breast cancer. Results indicated that, com-
pared to the control group, the study group 
showed higher overall clinical efficacy, improved 
QUALEFFO-41 scores, and lower VAS scores at 
3, 6, and 12 months of treatment. Wang et al. 
found that bisphosphonates combined with 
calcitriol enhanced immune function, corrected 
bone metabolism abnormalities, and increased 
BMD in patients with OP induced by endocrine 
therapy for breast cancer [21]. Their study high-
lighted the efficacy of ibandronate, which aligns 
with the findings of our study using zoledronic 
acid, although their research involved alendro-
nate and ibandronate [21].

Our study demonstrates that combining zole-
dronic acid with calcitriol further enhances 
treatment efficacy, alleviates pain, and im- 
proves quality of life for patients. This can be 
attributed to the following reasons: Calcitriol,  
a vitamin D analog, promotes the intestinal 
absorption of calcium and phosphorus, facili-
tating bone metabolism, accelerating mineral-
ization, increasing BMD, and reducing bone 
pain [22]. Zoledronic acid targets osteoclasts, 
inhibiting their activity and inducing apoptosis. 
By binding to bone, it reduces osteoclast-medi-
ated bone resorption and destruction of miner-
alized bone and cartilage [23]. Additionally, 
zoledronic acid inhibits the release of tumor-

Table 4. Comparison of quality of life between the two groups (
_
x  ± Sd)

Variable
Control group (n=78) Study group (n=72)

Pre-treatment 12 m after treatment Pre-treatment 12 m after treatment
Self-care ability 7.52±1.78 5.11±1.21* 7.69±1.83 3.45±1.13*,#

Somatic pain 16.85±2.65 11.34±1.74* 17.12±2.81 8.02±1.35*,#

Daily activities 7.96±1.35 5.66±1.21* 7.82±1.46 4.02±1.08*,#

Domestic work 16.25±2.38 10.57±1.59* 16.77±2.19 7.43±1.34*,#

Mental state 15.39±2.34 8.45±1.97* 15.71±2.50 6.32±1.31*,#

Social event 18.15±2.65 13.05±1.76* 17.89±2.39 9.12±1.34*,#

Health concept 6.39±1.37 4.87±1.14* 6.58±1.43 3.12±1.05*,#

Note: Compared with Pre-treatment, *P < 0.05; compared with control group, #P < 0.05.

Table 5. Comparison of fracture risk between the two groups (
_
x  ± Sd, %)

Group Pre-treatment 12 m after treatment 24 m after treatment
Control group (n=78) 3.85±0.56 3.35±0.47* 3.05±0.32*

Study group (n=72) 3.81±0.61 2.84±0.42* 2.24±0.28*

t 0.419 6.986 16.440
P 0.676 < 0.001 < 0.001
Note: Compared with Pre-treatment, *P < 0.05.
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stimulating factors, further hindering osteo-
clast activity, reducing calcium release from 
bones, and effectively increasing bone mass 
[24]. The combination of these two drugs may 
exert a synergistic effect through their distinct 
mechanisms, enhancing overall efficacy. How- 
ever, further studies are needed to compare 
the efficacy of different bisphosphonates spe- 
cifically.

The clinical findings indicate that bone metabo-
lism disorders are integral to the pathogenesis 
of OP. Bone metabolism is regulated through 
the coordinated actions of osteoblasts, which 
are responsible for bone formation, and osteo-
clasts, which mediate bone resorption. Under 
normal conditions, these processes are bal-
anced. However, when osteoclast activity sur-
passes that of osteoblasts, bone loss occurs, 
leading to OP. Bone metabolism indicators are 
effective in reflecting these changes [25]. 
Calcium and phosphorus are key indicators of 
bone metabolism. Calcium deficiency signifi-
cantly contributes to bone loss, while phospho-
rus imbalance can be seen in various metabolic 
bone diseases. ALP, primarily produced by 
osteoblasts, has protease activity and plays  
a direct role in the mineralization process of 
bones.

The results of this study show that after 12 
months of treatment, the bone metabolism 
indicators in the study group were significantly 
better than those in the control group, with 
higher BMD at the hip, femoral neck, and lum-
bar spine. This suggests that the combination 
of bisphosphonates (zoledronic acid) and cal-
citriol effectively improves bone metabolism 
and increases BMD. This improvement is attrib-
uted to zoledronic acid’s ability to inhibit osteo-
clast activity, induce osteoclast apoptosis, and 
suppress bone resorption, thereby enhancing 
bone metabolism and increasing BMD [26, 27]. 
Additionally, this study demonstrated that FRAX 
fracture risk scores decreased gradually over 
12 and 24 months of treatment, with the study 
group showing significantly lower scores. These 
findings suggest that the combination of zole-
dronic acid and calcitriol may help reduce the 
risk of fractures in patients, likely due to zole-
dronic acid’s effectiveness in increasing BMD 
and enhancing bone strength.

However, this study has certain limitations, 
including a relatively small sample size, reli-

ance on a single data source, and the use of 
basic observation indicators. Future research 
should expand the study size to allow for more 
comprehensive exploration.

In summary, the combination of bisphospho-
nates (zoledronic acid) and calcitriol for treating 
OP induced by endocrine therapy for breast 
cancer has proven to be an effective treatment 
option. It regulates bone metabolism, increas-
es BMD, improves quality of life, reduces frac-
ture risk, and demonstrates good medication 
safety.
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