
6

Ann Acad Med Singap Vol 53 No 1 January 2024 | annals.edu.sg

ORIGINAL ARTICLE

Ann Acad Med Singap 2024;53:6-14
https://doi.org/10.47102/annals-acadmedsg.202396

Anti-osteoporosis drugs reduce mortality in cancer patients: A national 
cohort study of elderly with vertebral fractures
Chun-Feng Huang1,2,3 MD, Tzu-Tung Kuo4 MS, Jason C Hsu5,6 PhD, Russell O Kosik7 MD,  
Wing P Chan7,8 MD

The Annals is an open access journal, allowing non-commercial use under CC BY-NC-SA 4.0.

1 Faculty of Medicine, School of Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan
2 Department of Leisure Services Management, Chaoyang University of Technology, Taichung, Taiwan 
3 Division of Family Medicine, En Chu Kong Hospital, New Taipei City, Taiwan 
4 Health Data Analytics and Statistics Center, Office of Data Science, Taipei Medical University, Taipei, Taiwan 
5 International Ph.D. Program in Biotech and Healthcare Management, College of Management, Taipei Medical University, Taipei, Taiwan
6 Clinical Big Data Research Center, Taipei Medical University Hospital, Taipei Medical University, Taipei, Taiwan 
7 Department of Radiology, School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan 
8 Department of Radiology, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan 
Correspondence: Dr Wing P Chan, Department of Radiology, Wan Fang Hospital, Taipei Medical University, 111 Hsing-Long Road,  
Sec 3, Taipei 116, Taiwan. Email: wingchan@tmu.edu.tw 
Dr Jason C. Hsu, College of Management, Taipei Medical University, 11F. Biomedical Technology Building, No. 301, Yuantong Rd.,  
Zhonghe Dist., New Taipei City 235, Taiwan.
E-mail: jasonhsu@tmu.edu.tw

ABSTRACT 
Introduction: The most prevalent type of fragility  
fractures is osteoporotic vertebral fractures (OVFs). 
However, only a few studies have examined the 
relationship between anti-osteoporosis treatments 
and malignancy-related mortality following an OVF. 
The goal of this study is to determine the effect of  
anti-osteoporosis therapy on mortality in OVF patients 
with and without cancer. 

Method: Data from older people over the age of  
65 who were hospitalised for OVFs between 1 
January 2003 and 31 December 2018 were analysed 
retrospectively. A total of 6139 persons getting 
osteoporosis treatment and 28,950 who did not  
receive treatment were analysed, together with 2 sets  
of patients, comprising cancer patients (794) and  
cancer-free patients (5342), using anti-osteoporosis 
medication or not, in 1:1 propensity score-matched 
analyses. The hazard ratios (HRs) and 95% confidence 
intervals (CIs) were calculated.

Results: In all, 35,089 patients with OVFs were  
included in the population; 29,931 people (85.3%)  
were women, and the mean (standard deviation)  
age was 78.13 (9.27) years. Overall survival was 
considerably higher in those undergoing osteoporosis 
therapy. This was true both for those without cancer 
(adjusted HR 0.55; 95% CI 0.51–0.59; P<.0001) as  
well as those with cancer (adjusted HR 0.72; 95%  
CI 0.62–0.84; P<.0001). Even among cancer patients, 
those who received anti-osteoporotic drugs had a  
lower mortality rate than those who did not. 

Conclusion:  Our findings suggest that anti- 
osteoporosis therapy should be initiated regardless  
of the presence of cancer in the elderly, as it increases 
survival following OVFs.
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CLINICAL IMPACT

What is New

•	 Administering anti-osteoporosis drugs  
following osteoporotic vertebral fractures  
are associated with a significant reduction  
in overall mortality rate among  
cancer patients.

Clinical Implications

•	 Anti-osteoporosis therapy should be considered 
for the initiation of treatment in elderly cancer 
patients with osteoporotic fractures, as our study 
indicates that such treatment can effectively 
reduce overall mortality in this population  
when tolerated.

INTRODUCTION
Osteoporotic vertebral fractures (OVFs) are 
the most prevalent type of fragility fractures, 
affecting 25% of adults in their early 70s and 
43% of those over the age of 80.1,2 Following an 
OVF, persistence of the vertebral deformity may 
lead to spinal kyphosis, which is associated with 
chronic lower back discomfort, neuropathy of the 
lower extremities, and diminished respiratory and  
digestive function.3-5 Previous research identified a 
correlation between treatment outcomes following 
OVF and older age, male sex, mobility and other 
health issues.6,7 Women who have experienced 
a severe vertebral fracture are 4 times more likely 
than those who have not to suffer another vertebral 
fracture.8 Furthermore, in the first year following  
an OVF, the risk of death ranges from 6.7% to  
28%, which is comparable to the risk of death 
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following a hip fracture.9-11 However, relatively few 
studies have investigated the relationship between 
treatment-related variables and malignancy-related 
mortality following an OVF. The purpose of this  
study is to examine the influence of anti- 
osteoporosis therapy on mortality in OVF patients 
with and without cancer.

METHOD

Data sources
We conducted a nationwide retrospective cohort 
study using de-identified secondary data from 
the National Health Insurance Research Database 
(NHIRD). To protect privacy and simplify follow-
up, this step replaced individual identification 
numbers with unique numbers. The NHIRD contains 
information from a national, mandatory-enrolment, 
single-payer healthcare system established in  
1995. The system covers around 99% of Taiwan’s 
population and maintains all electronic insurance 
claims records for 97% of the country’s hospitals 
and clinics. The system is also linked to Taiwan’s 
Death Registration Database and the Registry  
for Catastrophic Illness Patients Database.12 The 
NHIRD allows the release of database information 
for research purposes. Access to the NHIRD does  
not require patient consent. The Taipei Medical 
University Joint-Institutional Review Board  
approved this study (No. N202302026). Informed 
consent was waived due to the retrospective  
nature of this study. For cohort studies, we  
followed the Strengthening the Reporting of 
Observational Studies in Epidemiology reporting 
guidelines.

Cohort selection
We identified patients with various disorders using 
the International Classification of Diseases, Ninth 
Edition, Clinical Modification (ICD-9-CM) and 
the International Classification of Diseases, Tenth 
Edition, Clinical Modification (ICD-10-CM). We 
identified 49,548 potentially eligible individuals  
that experienced spinal fractures (ICD-9-CM:  
806.x, ICD-10-CM: S12.x, S22.0x, S32.x) between 
2003 and 2018 and were over the age of 65 from 
the NHIRD. Cases of unknown sex, unknown age, 
unknown date of death, previous treatment for 
osteoporosis, or death within 2 years of the first 
fracture were excluded. Of these, 20,598 received 
osteoporosis treatment and 28,950 did not.  
Patients with osteoporosis who had not received 
osteoporosis treatment within 1 year of their  
fracture or who had received treatment for less  
than 2 years were excluded, leaving 6139 people.

We further separated the above cases into  
2 groups: (1) patients who received subsequent 
osteoporosis treatment (osteoporosis treatment 

group) and (2) patients who did not receive 
osteoporosis treatment (no osteoporosis treatment 
group). Bisphosphonates (ATC codes: M05BA04, 
M05BA07, M05BA06, M05BA08), monoclonal 
antibodies (ATC code: M05BX04), oestrogen  
receptor modulators (ATC codes: G03XC01, 
G 0 3 X C 0 2 )  a n d  a n a b o l i c  a g e n t s  ( AT C  
code: H05AA02) are examples of the therapeutic 
agents that the osteoporosis treatment group 
received. Cases in the osteoporosis treatment  
group were excluded if treatment was not  
commenced within 1 year following the fracture. 
Each case was tracked until the case died or the 
study period ended (31 December 2018). To  
prevent confounding effects from baseline 
characteristics, we performed a 1:1 propensity  
score-matched analysis of 794 cancer patients 
and 5342 non-cancer patients with or without 
antiosteoporosis medication for OVFs based on  
age, sex and index year (Table 1). Race and  
ethnicity data were not collected. Fig. 1 depicts a  
full study flow diagram. 

Measurements
The endpoints in this study are all-cause mortality 
and a variety of comorbidities that were employed 
as adjustment factors. The comorbidities include 
hyperuricaemia (ICD-9: 401–405; ICD-10: I10–I13 
and I15), hyperlipidaemia (ICD-9: 272; ICD-10: E78), 
type 2 diabetes (ICD-9: 250; ICD-10: E10–E14), 
hyperuricaemia (ICD-9: 790.6; ICD-10: E79.0), stroke 
(ICD-9: 430–434; ICD-10: I60–I63, I65, I66), chronic 
kidney disease (ICD-9: 585; ICD-10: N18), heart 
disease (ICD-9: 410–414, 420–429, ICD-10: I20–I25, 
I30–I50), liver disease (ICD-9: 571.0–571.3, 571.8, 
07041, 07044, 07051, 07054, V0262, 0702, 0703, 
V0261; ICD-10: B16, B17.0, B18.0, B18.1, B19.1, 
B17.1, B18.2, B19.2, K74.4, K75.81, K76.0, K76.89, 
R16.2 and K70), depression (ICD-9: 296.2–296.3, 
300.4, 311; ICD-10: F32–F33.31), dementia (ICD-9: 
290.0–290.4, 294.1, 331.0 and 331.1–331.2; ICD-10: 
F00, F01, F02, F03, G30, F051, G311) and anaemia 
(ICD-9: 280–285; ICD-10: D50–D64).

Statistical analysis
Multiple logistic regression analyses were performed 
to estimate propensity scores for maximum 
likelihood estimations with anti-osteoporosis 
treatment based on baseline covariates. With a 
calliper width of 0.2, 1-to-1 greedy matching was 
implemented. The balance of variables between 
2 groups in the overall population and the  
propensity score-matched population was then 
assessed using standardised mean differences  
with a cutoff value of 0.10. The Kaplan–Meier method 
was used to plot survival curves of participants 
receiving or not receiving anti-osteoporosis 
treatment in the general study population and the 
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Fig. 1. Flow chart of the eligible study population.

Inpatients over 65 years old with spinal 
fractures

(n=79,712)

Exclusion criteria

Abnormal sex, age, time of death 
(n=6640)
History of medicinesuse (n=21,412)
Died within two years of fracture
(n=11,746)
Theremaybe overlapbetween the criteria.

Inpatients over 65 years old with spinal 
fractures

n= 49,548)

No osteoporosis treatment 
(n=28,950)

Osteoporosis treatment 
(n=20,598)

Non-cancer
(n=5342)

Cancer
(n=794)

Exclusion criteria 

Treatment less than 2 years 
(n=13,212)
Treatment was not administered 
within one year of the fracture 
(n=4042)
There may be overlap between the criteria.

Osteoporosis treatment 
(n=6139)

No osteoporosis treatment 
(n=28,950)

Matched by age (±1 year), sex, index year, cancer or not at a 1:1 ratio

Non-treatment 
(n=6136)

Treatment
(n=6136)

Non-cancer
(n=5342)

Cancer
(n=794)
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propensity score-matched group. The log-rank 
test was also used to compare the differences 
between the curves. Using univariate and multiple 
Cox proportional hazards regression models, 
the crude and adjusted hazard ratios (HRs) and 
95% confidence intervals (CIs) for survival were  
calculated. Multiple regression models were used to 
account for variables such as age, sex, hypertension, 
hyperlipidaemia, hyperuricaemia, type 2 diabetes, 
chronic kidney disease, dementia, depression, 
stroke, liver disease, heart disease and anaemia. 
Statistical Analysis Software (SAS) version 9.4 (SAS 
Institute Inc) was used for all statistical studies. 
Two-sided P<0.05 was established as the statistical 
threshold for significance.

Table 1. Demographic characteristics of the study population after matching.

Non-cancer Cancer

No osteoporosis 
treatment
 n=5342

Osteoporosis 
treatment
 n=5342

No osteoporosis 
treatment

 n=794

Osteoporosis 
treatment

 n=794

no. % no. % P value no. % no. % P value

Sex 1 1

Male 733 13.72 733 13.72 175 22.04 175 22.04

Female 4609 86.28 4609 86.28 619 77.96 619 77.96

Age, years .961 .960

65–69 895 16.75 881 16.49 128 16.12 133 16.75

70–79 2691 50.37 2713 50.79 417 52.52 408 51.39

80–89 1617 30.27 1614 30.21 229 28.84 231 29.09

≥90 139 2.60 134 2.51 20 2.52 22 2.77

Initial treatment

Bisphosphonates 2924 54.74 458 57.68

Denosumab 760 14.23 100 12.59

Selective oestrogen 
receptor modulators

1400 26.21 206 25.94

Anabolic agents 258 4.83 30 3.78

Comorbidity

Stroke 245 4.59 617 11.55 <.001 29 3.65 80 10.08 <.0001

Chronic kidney disease 133 2.49 169 3.16 .036 25 3.15 35 4.41 .188

Heart disease 609 11.4 1632 30.55 <.001 78 9.82 239 30.1 <.001

Liver disease 42 0.79 176 3.29 <.001 25 3.15 61 7.68 <.001

Depression 139 2.60 384 7.19 <.001 21 2.64 70 8.82 <.001

Dementia 183 3.43 407 7.62 <.001 21 2.64 49 6.17 <.001

Anaemia 78 1.46 200 3.74 <.001 19 2.39 37 4.66 .014

RESULTS

Basic characteristics of the study subjects
In total, 35,089 OVF patients were included in the 
population; 29,931 (85.3%) were women, and the 
mean (standard deviation) age was 78.13 (9.27). 
Among those without cancer, males were also less 
frequent than females (13.72% versus [vs] 86.28%), 
and more than half were between the ages of 70 
and 79. Bisphosphonates were used by 54.74% of 
osteoporosis patients without cancer, followed by 
selective oestrogen receptor modulators (SERMs) 
(26.21%), denosumab (14.08%) and anabolic agents  
(4.83%). Patients receiving anti-osteoporosis  
treatment had greater incidences of stroke, chronic 
kidney disease heart disease, liver disease, 
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depression, dementia and anaemia among those 
who did not have cancer. Severe comorbidities 
were more prevalent in non-cancer individuals who 
received osteoporotic medications than in those 
who did not get osteoporotic drugs.

Males were less common than females among 
those diagnosed with cancer (22.04% vs 77.96%), 
and more than half were between the ages of 70 
and 79. Bisphosphonates were used by 57.68% 
of osteoporosis patients with cancer, followed  
by SERMs  (25.94%), denosumab  (12.59%) and 
anabolic agents (3.78%). Patients with cancer  
who received anti-osteoporosis treatment had 
significantly greater incidences of stroke, heart  
disease, liver disease, depression, dementia and 
anaemia than those who did not. Similarly, severe 
comorbidities were more common in cancer  
patients who received osteoporotic treatments  
than in those who did not.

Analysis of overall survival with and without 
osteoporosis treatment
Fig. 2 depicts the overall survival analysis for the 
non-cancer and cancer populations with and 

without osteoporosis treatment. Overall survival was 
significantly higher in the osteoporosis treatment 
groups compared to the no osteoporosis treatment 
groups in both the non-cancer (adjusted HR 0.55; 
95% CI 0.51–0.59; P<.0001) and cancer (adjusted 
HR 0.72; 95% CI 0.62–0.84; P<.0001) populations 
(Table 2). 

A multivariable stratified analysis of the risk of 
death in cancer and non-cancer patients
Fig. 3 shows the relative risk of death in the non-
cancer population based on numerous variables. 
Patients over the age of 70 as well as those with  
type 2 diabetes (adjusted HR 1.52; 95%  
CI 1.40–1.65), chronic kidney disease (adjusted HR 
1.88; 95% CI 1.66–2.13), dementia (adjusted HR 
1.55; 95% CI 1.41–1.71), stroke (adjusted HR 1.31; 
95% CI 1.19–1.44), heart disease (adjusted HR 1.34; 
95% CI 1.25–1.45) and anaemia (adjusted HR 1.49; 
95% CI 1.28–1.72) had significantly higher mortality 
rates. Female patients (adjusted HR 0.71; 95%  
CI 0.65–0.78) and those with hyperlipidaemia 
(adjusted HR 0.69; 95% CI 0.62–0.76), on the other 
hand, had a significantly lower risk of death. 

Table 2. Comparison of mortality rates in cancer and non-cancer groups who received or did not receive osteoporosis treatments following 
osteoporotic vertebral fractures.

Osteoporosis treatment No osteoporosis treatment Crude HR Adjusted 
HR#

Event (no.) Person-year Mortality 
ratea

Event (no.) Person-year Mortality 
ratea

Non-cancer 1310 12,406,210 1.06 1831 10,803,104 1.69 0.57b

(0.53–0.61)
0.55b

(0.51–0.59)

Cancer 339 1,772,600 1.91 383 1,555,798 2.46 0.70b

(0.61–0.82)
0.72b

(0.62–0.84)

HR: hazard ratio
a Adjusted for age, sex, hypertension, hyperlipidaemia, hyperuricaemia, type 2 diabetes, chronic kidney disease, dementia, depression, 
stroke, liver disease, heart disease and anaemia.
b P<.0001

Fig. 2. Survival curves for anti-osteoporosis treatment in cancer and non-cancer patients.
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Fig. 4 illustrates the relative risk of death among 
those with cancer based on numerous variables. 
Patients over the age of 70, those with type 2  
diabetes (adjusted HR 1.32; 95% CI 1.11–1.57)  
and those with chronic kidney disease (adjusted  
HR 1.88; 95% CI 1.44–2.45) had a considerably 
higher risk of death. Conversely, female patients  
had a significantly higher survival rate (adjusted  
HR 0.76; 95% CI 0.64–0.90).

DISCUSSION
This real-world data study examines the impact of 
anti-osteoporotic drug therapy on mortality in cancer 
patients and non-cancer patients who experienced 
vertebral fractures using a large national database. 
The results show that individuals with OVFs,  
whether they had cancer or not, had lower all-
cause mortality when they received osteoporosis 
drugs. Although the retrospective nature of this 
study precludes the establishment of a cause–
effect relationship between anti-osteoporotic 

medications and mortality, the data indicate that 
anti-osteoporotic treatments are independently 
associated with reduced mortality after adjusting 
for multiple confounders (age, sex, stroke, chronic 
kidney disease, heart disease, liver disease, 
depression, dementia and anaemia). Furthermore, 
whether the patients had cancer or not, the group 
receiving osteoporosis drug treatment had a higher 
proportion of severe comorbidities than the group 
not receiving anti-osteoporotic treatment, but its 
mortality rate was lower, whether adjusted or not.

Prior research has suggested that treating 
osteoporosis after a fracture may reduce  
mortality.13-15 Furthermore, patients undergoing 
bisphosphonate treatment have been reported 
to experience benefits in ways other than solely  
fracture prevention.16 For example, in individuals 
who have suffered recent hip fractures, zoledronic 
acid treatment is associated with a considerably 
reduced risk of new fractures and a lower mortality 
rate.17 Zoledronic acid mitigates accumulated DNA 

Fig. 3. Crude and adjusted hazard ratios for non-cancer patients receiving anti-osteoporosis therapy.
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damage in mesenchymal stem cells.18 Additionally, 
bisphosphonates bind to calcium deposits in 
the walls of large arteries, thereby reducing the  
negative sequelae of atherosclerosis.19 Further-
more, nitrogen-containing bisphosphonates have 
pharmacological effects similar to statins in  
that they raise serum high-density lipoprotein 
cholesterol levels, lower low-density lipoprotein 
cholesterol levels, and block inflammatory cytokine 
secretion by inhibiting the enzyme farnesyl 
pyrophosphate synthase in the mevalonate  
pathway.20 A comprehensive review of the vascular 
effects of bisphosphonates suggested that they  
can ultimately reduce the formation of atherosclero-
tic plaque.21

Bisphosphonates a lso have ant i -cancer  
properties. They deplete cells of the isoprenoid  
lipids farnesyl diphosphate and geranylgeranyl 
diphosphate, which are necessary for the post-
translational prenylation of members of the small 
G-protein superfamily, including small GTPases Ras, 

Rac and Rho.22-24 Isoprenylated proteins are crucial 
signalling proteins that regulate a range of cellular 
processes required for normal cell activity and 
survival, and they have also been linked to various 
malignancies.22 Numerous cancer cell functions,  
such as proliferation, invasion, adhesion and 
migration, are all inhibited by  bisphosphonates.24 
As a result, it is possible that they play a role  
in preventing tumour recurrence and bone  
metastasis. This may help explain why cancer  
patients who use anti-osteoporosis drugs have a 
higher survival rate than those who do not. Patients 
who use bisphosphonates after menopause have a 
lower incidence of breast and colorectal cancers.25,26 
It has also been demonstrated that zoledronic acid 
improves bone-metastasis-free survival in patients 
with various advanced solid malignancies.27

SERMs, such as raloxifene, were also included  
in this trial as an osteoporosis treatment. Unlike 
oestrogens, which are uniform agonists at  
oestrogen receptors, and anti-oestrogens, which  

Fig. 4. Crude and adjusted hazard ratios for cancer patients receiving anti-osteoporosis therapy.
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are uniform antagonists at oestrogen receptors,  
SERMs have an unusual  t i ssue-select ive  
pharmacology. They are oestrogen agonists in  
certain tissues (bone, liver and the cardiovascular 
system), antagonists in others (brain and breast)  
and mixed agonists/antagonists in the uterus.28  
SERMs therefore can provide the benefits of  
oestrogen activity on the bones and heart, but by 
acting as oestrogen antagonists in the breast and 
uterus, SERMs can avoid the detrimental effects 
of oestrogen on these tissues.29 Such an activity 
may allow SERMs to contribute to the reduction in  
overall mortality among women with OVFs that  
was observed in this study. 

Despite the fact that denosumab’s mechanism of 
action differs from those of bisphosphonates and 
SERMs, current hypotheses suggest that the drug’s 
induction of receptor activator of nuclear factor  
nuclear factor-κB (RANK) receptor activation 
by the ligand (RANKL) may improve survival. 
RANK activity affects the immune and vascular 
systems through the inhibition of pro- and anti-
inflammatory cytokine production as well as changes 
in the molecular expression of proteins involved in  
immune processes and ant i - inf lammatory  
responses.30 Previous research revealed that the 
intrinsic expression and activity of RANK and RANKL 
inside mammary tissue control mouse mammary  
gland development during pregnancy, demonstra-
ting a key role for the RANKL pathway in epithelial 
biology.31-33 These data support the idea that  
RANKL, in addition to supporting osteoclastoge-
nesis, may directly influence carcinogenesis and 
metastatic progression. High levels of RANKL or 
RANK mRNA expression were associated with 
considerably lower disease-free survival and bone 
metastasis free survival.34 Denosumab suppresses 
RANKL, thereby decreasing osteoclast-mediated 
bone deterioration, and is useful in the treatment 
of bone metastases.35 Furthermore, denosumab has 
been shown to be superior to the previous standard 
of therapy, zoledronic acid, in avoiding or delaying 
skeletal consequences in patients with advanced 
cancer and bone metastases.36 Denosumab extends 
lifespans without bone metastases and delays 
the time to develop bone metastases in men with 
non-metastatic castration-resistant prostate cancer 
compared to placebo.37 Finally, denosumab has  
the potential to improve survival in cancer patients 
with OVFs.

Regarding anabolic drugs (e.g. teriparatide), an 
alleged increase in the risk of osteosarcoma is the  
most concerning adverse effect. However, the 
incidence of osteosarcoma in patients using 
teriparatide around the world is low, and it does 
not exceed the incidence of osteosarcoma in the  

general population.38 Because the proportion of 
patients who received anabolic drugs in this study 
was low, analysis of the effects of these drugs on 
survival was limited.

Limitations and strengths
The lack of baseline data regarding factors affecting 
the prescription of certain treatments is a significant 
limitation of this study. Variables such as bone 
mineral density, comorbidities, socioeconomic 
status and lifestyle factors may influence the 
likelihood of death and OVF as well as the likelihood 
of prescribing and complying with anti-osteoporosis 
medications. However, because all subjects had  
a minimum T-score ≤2.5, the effects of the lack of 
BMD data were minimised. Additionally, because  
the study grouped all types of osteoporosis  
treatments together, the effects of individual drugs 
were unable to be determined separately. However, 
the finding in support of the efficacy of osteoporosis 
treatments in general should increase clinicians’ 
confidence to switch between various treatment 
regimens when necessary. Finally, because there  
was no accurate data on drug discontinuation, 
the lower risk of death found in the osteoporosis 
treatment groups cannot be definitively linked to 
the drugs themselves. Data regarding treatment 
durability and adherence would be useful to better 
clarify the utility of the drugs. 

Real-world studies examining the effects of  
certain treatments using large databases offer  
results that directly reflect the general population 
and uti l ise real complete mortal ity data.  
Randomised clinical trials do not offer the same  
level of external validity that is offered by this  
study, which can only come from the use of such a 
large data source. 

CONCLUSION
According to this national database population 
research, the prescription of anti-osteoporosis 
drugs following OVFs is associated with a significant 
reduction in cancer patients’ all-cause mortality. 
Anti-osteoporosis therapy should be initiated in the 
elderly with cancer who have osteoporotic fractures.
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Data about this study are included in the manuscript 
and supplementary information. All datasets are 
freely available upon request to the corresponding 
authors.

Funding
This research was supported by the Radiological 
Society of the Republic of China (Reference number: 
110-PR-05).



14

Ann Acad Med Singap Vol 53 No 1 January 2024 | annals.edu.sg

Anti-osteoporosis drugs reduce cancer mortality—Chun-Feng Huang et al.

REFERENCES

1.		 Burge R, Dawson-Hughes B, Solomon DH, et al. Incidence  
and economic burden of osteoporosis-related fractures  
in the United States, 2005-2025. J Bone Miner Res  
2007;22:465-75. 

2.		 Tsuda T. Epidemiology of fragility fractures and fall prevention 
in the elderly: a systematic review of the literature. Curr  
Orthop Pract 2017;28:580-5.

3.		 Silverman SL. The clinical consequences of vertebral  
compression fracture. Bone 1992;13 Suppl 2:S27-S31. 

4.		 Salaffi F, Cimmino MA, Malavolta N, et al. The burden of  
prevalent fractures on health-related quality of life in 
postmenopausal women with osteoporosis: the IMOF study.  
J Rheumatol 2007;34:1551-60.

5.		 Pasco JA, Henry MJ, Korn S, et al. Morphometric vertebral 
fractures of the lower thoracic and lumbar spine, physical  
function and quality of life in men. Osteoporos Int 2009; 
20:787-92. 

6.		 Bouza C, López T, Palma M, et al. Hospitalised osteoporotic 
vertebral fractures in Spain: analysis of the national hospital 
discharge registry. Osteoporos Int 2007;18:649-57.

7.		 Maravic M, Taupin P, Roux C. Hospital burden of vertebral 
fractures in France: influence of vertebroplasty. Osteoporos  
Int 2013;24:2001-6. 

8.		 Klotzbuecher CM, Ross PD, Landsman PB, et al. Patients  
with prior fractures have an increased risk of future fractures:  
a summary of the literature and statistical synthesis. J Bone  
Miner Res 2000;15:721-39.

9.		 Johnell O, Kanis JA, Odén A, et al. Mortality after osteoporotic 
fractures. Osteoporos Int 2004;15:38-42.

10.		McCullough BJ, Comstock BA, Deyo RA, et al. Major medical 
outcomes with spinal augmentation vs conservative therapy. 
JAMA Intern Med 2013;173:1514-21. 

11.		Nakano T, Kuwabara A, Mizuta H, et al. Contribution of 
hypoalbuminemia and decreased renal function to the  
increased mortality after newly diagnosed vertebral fracture  
in Japanese subjects. Asia Pac J Clin Nutr 2016;25:472-7.

12.		Hsu JC, Lu CY. The evolution of Taiwan’s National Health  
Insurance drug reimbursement scheme. Daru 2015;23:15.

13.		Tai TW, Li CC, Huang CF, et al. Treatment of osteoporosis  
after hip fracture is associated with lower all-cause mortality:  
A nationwide population study. Bone 2022;154:116216. 

14.		Iida H, Sakai Y, Seki T, et al. Bisphosphonate treatment 
is associated with decreased mortality rates in patients 
after osteoporotic vertebral fracture. Osteoporos Int 2022; 
33:1147-54. 

15.		Yu SF, Cheng JS, Chen YC, et al. Adherence to anti- 
osteoporosis medication associated with lower mortality  
following hip fracture in older adults: a nationwide propensity 
score-matched cohort study. BMC Geriatr 2019;19:290. 

16.		Byun JH, Jang S, Lee S, et al. The Efficacy of Bisphosphonates  
for Prevention of Osteoporotic Fracture: An Update  
Meta-analysis. J Bone Metab 2017;24:37-49. 

17.		Lyles KW, Colón-Emeric CS, Magaziner JS, et al. Zoledronic  
acid and clinical fractures and mortality after hip fracture.  
N Engl J Med 2007;357:1799-809.

18.		Misra J, Mohanty ST, Madan S, et al. Zoledronate Attenuates 
Accumulation of DNA Damage in Mesenchymal Stem Cells  
and Protects Their Function. Stem Cells 2016;34:756-67.

19.		Caffarelli C, Montagnani A, Nuti R, et al. Bisphosphonates, 
atherosclerosis and vascular calcification: update and  
systematic review of clinical studies. Clin Interv Aging 
2017;12:1819-28.

20.		Tsoumpra MK, Muniz JR, Barnett BL, et al. The inhibition 
of human farnesyl pyrophosphate synthase by nitrogen- 
containing bisphosphonates. Elucidating the role of active  
site threonine 201 and tyrosine 204 residues using enzyme 
mutants. Bone 2015;81:478-86. 

21.		Santos LL, Cavalcanti TB, Bandeira FA. Vascular effects of 
bisphosphonates-a systematic review. Clin Med Insights 
Endocrinol Diabetes 2012;5:47-54.

22.		Agabiti SS, Liang Y, Wiemer AJ. Molecular mechanisms  
linking geranylgeranyl diphosphate synthase to cell survival  
and proliferation. Mol Membr Biol 2016;33:1-11. 

23.		Park J, Pandya VR, Ezekiel SJ, et al. Phosphonate and 
Bisphosphonate Inhibitors of Farnesyl Pyrophosphate  
Synthases: A Structure-Guided Perspective. Front Chem 
2021;8:612728. 

24.		Santini D, Vespasiani Gentilucci U, Vincenzi B, et al. The 
antineoplastic role of bisphosphonates: from basic research to 
clinical evidence. Ann Oncol 2003;14:1468-76.

25.		Rennert G, Pinchev M, Rennert HS. Use of bisphosphonates  
and risk of postmenopausal breast cancer. J Clin Oncol 
2010;28:3577-81.

26.		Rennert G, Pinchev M, Rennert HS, et al .  Use of  
bisphosphonates and reduced risk of colorectal cancer.  
J Clin Oncol 2011;29:1146-50. 

27.		Himelstein AL, Foster JC, Khatcheressian JL, et al. Effect of 
Longer-Interval vs Standard Dosing of Zoledronic Acid on  
Skeletal Events in Patients With Bone Metastases: A  
Randomized Clinical Trial. JAMA 2017;317:48-58. 

28.		Martinkovich S, Shah D, Planey SL, et al. Selective estrogen 
receptor modulators: tissue specificity and clinical utility. Clin 
Interv Aging 2014;9:1437-52. 

29.		Peng J, Sengupta S, Jordan VC. Potential of selective  
estrogen receptor modulators as treatments and preventives 
of breast cancer. Anticancer Agents Med Chem 2009; 
9:481-99. 

30.		Liu T, Zhang L, Joo D, et al. NF-κB signaling in inflammation. 
Signal Transduct Target Ther 2017;2:17023.

31.		Gonzalez-Suarez E, Jacob AP, Jones J, et al. RANK ligand 
mediates progestin-induced mammary epithelial proliferation 
and carcinogenesis. Nature 2010;468:103-7. 

32.		Wu X, Li F, Dang L, et al. RANKL/RANK System-Based  
Mechanism for Breast Cancer Bone Metastasis and Related 
Therapeutic Strategies. Front Cell Dev Biol 2020;8:76. 

33.		Casimiro S, Vilhais G, Gomes I, et al. The Roadmap of  
RANKL/RANK Pathway in Cancer. Cells 2021;10:1978. 

34.		Rachner TD, Kasimir-Bauer S, Göbel A, et al. Prognostic  
Value of RANKL/OPG Serum Levels and Disseminated Tumor  
Cells in Nonmetastatic Breast Cancer. Clin Cancer Res 
2019;25:1369-78.

35.		Steger GG, Bartsch R. Denosumab for the treatment of  
bone metastases in breast cancer: evidence and opinion.  
Ther Adv Med Oncol 2011;3:233-43.

36.		Lipton A, Fizazi K, Stopeck AT, et al. Superiority of  
denosumab to zoledronic acid for prevention of skeletal- 
related events: a combined analysis of 3 pivotal, randomised, 
phase 3 trials. Eur J Cancer 2012;48:3082-92. 

37.		Smith MR, Saad F, Coleman R, et al. Denosumab and bone-
metastasis-free survival in men with castration-resistant  
prostate cancer: results of a phase 3, randomised, placebo-
controlled trial. Lancet 2012;379:39-46. 

38.		Gilsenan A, Harris D, Reynolds M, et al. Long-term cancer 
surveillance: results from the Forteo Patient Registry  
Surveillance Study. Osteoporos Int 2021;32:645-51. 


