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Abstract: Background: Bone metastasis is associated with a poor prognosis. Bone-modifying agents
(BMA) are commonly used for the prevention or treatment of skeletal-related events (SRE) in
patients with bone metastasis; however, whether or not treatment with BMA improves survival
remains unclear. In this study, we investigated whether BMA was involved in post-bone metastasis
survival. Methods: A total of 539 cancer patients were retrospectively analyzed to identify
significant independent factors in post-bone metastasis survival. Results: Among the overall
population, patients with the following cancers had a median survival longer than 24 months:
thyroid, 97.2 months; breast, 51.5 months; prostate, 47.2 months; and kidney, 38.8 months.
Treatment with BMA was a significant positive prognostic factor: BMA (-) n = 203, median post-
bone metastasis survival 7.8 months (95% CI: 5.8-12.5); BMA (+) n = 336, median post-bone
metastasis survival 21.9 months (95% CI: 16.1-26.4) (p < 0.001). This was particularly evident in
gastrointestinal (GI) cancer (hazard ratio [HR]: 0.62, 95% CI: 0.40-0.95; p < 0.05), and non-small cell
lung cancer (NSCLC) without the epidermal growth factor receptor (EGFR) mutation (HR: 0.56, 95%
CIL: 0.34-0.91) (p < 0.05). Conclusions: Treatment with BMA is recommended not only for the
prevention and/or treatment of SRE, but also to improve survival, particularly in cancers with
typically poor post-bone metastasis survival such as GI cancer and NSCLC without the EGFR
mutation.
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1. Introduction

Bone metastases can develop in patients with all types of cancer at advanced stages. As
previously reported, the incidence of bone metastasis varies according to the cancer type; lung,
prostate, breast, and kidney cancers have high incidences [1, 2]. Reports have also shown that bone
metastasis is associated with poor prognosis [3-6]. For example, in prostate cancer, 5-year survival
rates were 56% and 3% in patients without and with bone metastases, respectively [3]. Moreover, in
men with bone metastasis minus skeletal related events (SRE), hazard ratios (HR) for mortality were
6.6 (95% CI: 6.4-6.9), and in men with bone metastasis plus SRE they were 10.2 (95% CI: 9.8-10.7) [4].
Similarly, in breast cancer, the 5-year survival rates were 75.8% and 8.3% in patients without and
with bone metastases, respectively [5]. Bone metastasis impairs physical function and quality of life
(QOL) in patients with cancer due to multiple complications such as pathological fractures, paralysis
due to spinal cord compression, and disuse syndrome. Hence, proper treatment of bone metastasis
is essential to achieve a good QOL in patients with cancer [7].

Bone-modifying agents (BMA) have been commonly used in patients with bone metastasis to
prevent or treat SRE, although it is unclear whether the management of bone metastasis improves

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202412.0954.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 December 2024 d0i:10.20944/preprints202412.0954.v1

2

survival [8-11]. In the present study, we investigated whether BMA improved post-bone metastasis
survival.

2. Materials and Methods

This study included 539 patients with cancer and bone metastasis who underwent rehabilitation
at the Osaka International Cancer Institute between 2018 and 2020. The date of bone metastasis was
obtained from medical records.

The cancer types were classified as non-small cell lung cancer (NSCLC), breast, prostate, kidney,
colorectal, bone and soft tissue, urinary tract, pancreas, esophagus, head and neck, liver, small cell
lung cancer (SCLC), stomach, skin, thyroid, uterus, and biliary tract. The urinary tract included the
bladder, renal pelvis, ureters, and urethra. Uterine cancer comprised the uterine cervix, uterine
corpus, and uterine sarcoma. The biliary tract included the gallbladder, bile duct, and the duodenal
papillae.

BMA treatments were defined as the administration of zoledronic acid or denosumab at least
once after bone metastasis.

The Kaplan-Meier method was used to calculate post-bone metastasis survival. The log-rank
test was used for univariate analysis. Multivariate analysis was conducted using the Cox proportional
hazards model. Associations of post-bone metastasis survival with age, BMA, cancer type, driver
mutation, surgery, and/or radiotherapy for bone metastasis were retrospectively analyzed.
Differences were considered statistically significant at p < 0.05. Statistical analyses were performed
using the EZR (64 bit) [12].

3. Results

Of the 539 patients, 301 were age = 65 years (55.8%) and 238 were < 65 years (44.2%). A total of
304 men (56.4%) and 235 women (43.6%) were included in this study. The primary origin types of
cancer were: NSCLC, 105 (19.5%); breast, 84 (15.6%); prostate, 48 (8.9%); kidney, 34 (6.3%);
colorectum, 30 (5.6%); bone and soft tissue, 27 (5.0%); urinary tract, 26 (4.8%); pancreas, 23 (4.3%);
esophagus, 22 (4.1%); head and neck, 20 (3.7%); liver, 19 (3.5%); SCLC, 19 (3.5%); stomach, 18 (3.3%);
skin, 14 (2.6%); thyroid, 11 (2.0%); uterus, 11 (2.0%); biliary tract, 7 (1.3%); and others, 21 (3.9%).
Median post-bone metastasis survival largely varied according to cancer type: thyroid, 97.2 months
(95% CI: 11.6-N/A [not applicable]); breast, 51.5 months (95% CI: 37.7-69.1); prostate, 47.2 months
(95% CI: 30.2-79.3); and kidney, 38.8 months (95% CI: 18.9-85.9); all of which resulted in a longer than
24 month survival (Table 1). In the present study, median post-bone metastasis survival was 15.2
months (95% CI: 12.8-19.2) for the overall population (Figure 1A). We also analyzed the relationships
between post-bone metastasis survival and age, sex, and BMA levels. Age was not significantly
associated with post-bone metastasis survival in the overall population (age < 65, n = 238, median
post-bone metastasis survival 15.1 months (95% CI: 12.5-19.8); age > 65, n = 301, median post-bone
metastasis survival 16.8 months (95% CI: 11.0-22.1) (p = 0.61). Sex and BMA were significant factors
related to post-bone metastasis survival in the overall population in the univariate analyses: female,
n = 235 median post-bone metastasis survival 26.0 months (95% CI: 19.0-31.0); male, n = 304 median
post-bone metastasis survival 11.4 months (95% CI: 10.2-14.2) (p < 0.005); BMA (-) n = 203, median
post-bone metastasis survival 7.8 months (95% CI: 5.8-12.5); BMA (+) n = 336, median post-bone
metastasis survival 21.9 months (95% CI: 16.1-26.4) (p < 0.001) (Figure 1B). Of note, multivariate
analysis eliminated the significance of sex, but not BMA (Table 2).

Table 1. Univariate analysis showing median post-bone metastasis survival according to cancer types
in the overall population.

Median post-bone metastasis survival
(months)
Thyroid 11 97.2 11.6-N/A <0.001
Breast 84 51.5 37.7-69.1

Cancer Type Number 95% CI p-value
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Prostate 48 47.2 30.2-79.3
Kidney 34 38.8 18.9-85.9
NSCLC 105 17.6 11.5-24.6
Bone and soft tissue 27 11.9 4.2-29.4
Liver 19 10.8 3.4-15.1
Colorectum 30 8.8 34-141
SCLC 19 8.6 3.7-30.3
Stomach 18 6.9 2.3-12.2
Head and neck 20 6.3 2.2-12.5
Pancreas 23 5.5 2.2-6.9
Skin 14 5.1 1.2-10.5
Biliary tract 7 4.2 1.0-N/A
Uterus 11 3.6 1.1-N/A
Urinary tract 26 34 2.04.2
Esophagus 22 29 1.1-12.6
Others 21 8.3 1.2-33
Total 539 15.2 12.8-19.2
CI: confidence interval, N/A: not applicable.
A B
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Figure 1. Post-bone metastasis survival in the overall population and groups treated with BMA.(A)
overall population and (B) dichotomized groups by treatment with BMA in all 539 patients.
Table 2. Multivariate analysis for independent factors (cancer type and BMA) related to post-bone
metastasis survival in the overall population.
95% CI
HR ) p-value
Lower CL Higher CL
BMA No Reference
Yes 0.7458 0.595 0.9348 <0.05
Cancer type Biliary tract Reference
Bone and soft tissue 0.3796 0.1389 1.038 0.05906
Breast 0.1844 0.07058 0.4818 <0.001
Colorectum 0.6105 0.2293 1.626 0.3235
Esophagus 1.129 0.4203 3.034 0.8096
Head and neck 0.9291 0.3389 2.547 0.8864
Kidney 0.1963 0.07225 0.5336 <0.005
Liver 0.5837 0.2092 1.629 0.3038

NSCLC 0.423 0.1689 1.06 0.06627
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Others 0.4437 0.1618 1.217 0.1145

Pancreas 1.003 0.3707 2.715 0.995
Prostate 0.1345 0.05028 0.3596 <0.001
SCLC 0.5097 0.181 1.435 0.2019
Skin 0.7625 0.2595 2.241 0.6221
Stomach 0.8796 0.3188 2.426 0.8042
Thyroid 0.08477 0.01974 0.364 <0.001
Urinary tract 1.09 0.4108 2.895 0.8621
Uterus 0.5755 0.1865 1.776 0.3365

Sex Female Reference

Male 1.182 0.918 1.523 0.1947

CI: confidence interval, HR: hazard ratio, CL: confidence limit.

We further aimed to clarify the effects of BMA on post-bone metastasis survival. First,
gastrointestinal (GI) cancers were examined and results showed that median post-bone metastasis
survival was 6.4 months (95% CI: 4.0-8.8), n = 110 (Figure 2A). Notably, treatment with BMA was
significantly correlated with better post-bone metastasis survival in GI cancers: BMA (-) n = 56,
median post-bone metastasis survival 3.1 months (95% CI: 1.7-5.9); BMA (+) n = 63, median post-bone
metastasis survival 8.8 months (95% CI: 6.1-12.6) (p < 0.05) (Figure 2B). Multivariate analysis also
indicated that BMA significantly improved post-bone metastasis survival (Table 3).
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Figure 2. Post-bone metastasis survival in the overall population and patients with gastrointestinal
cancers. (A) overall population and (B) dichotomized groups by treatment with BMA in 119 patients
with gastrointestinal cancers.

Table 3. Multivariate analysis for independent factors (cancer type and BMA) related to post-bone
metastasis survival in GI cancers.

95% CI
HR ) p-value
Lower CL Higher CL

BMA No Reference
Yes 0.6156 0.3998 0.9478 <0.05

Cancer Type Biliary tract Reference
Colorectum 0.6324 0.2355 1.698 0.3633
Esophagus 1.192 0.4405 3.225 0.7296
Liver 0.6213 0.2208 1.749 0.3674
Pancreas 1.07 0.3875 2.954 0.8962

Stomach 0.9055 0.3275 2.504 0.8484
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CI: confidence interval, HR: hazard ratio, CL: confidence limit.

Next, we focused on NSCLC (n = 105), which included 80 (76.2%) adenocarcinomas, 23 (21.9%)
squamous cell carcinomas, and two (1.9%) large cell carcinomas. The epidermal growth factor
receptor (EGFR) mutation was observed in 38 (36.2%) patients. Median post-bone metastasis survival
in NSCLC was 17.6 months (95% CI: 11.5-24.6) (Figure 3A). The EGFR mutation was a positive
prognostic marker of post-bone metastasis survival: EGFR mutation (-) n = 67, median post-bone
metastasis survival 11.5 months (95% CI: 6.0-15.2); EGFR mutation (+) n = 38, median post-bone
metastasis survival 28.8 months (95% CI: 18.1-35.7) (p < 0.05) (Figure 3B). Furthermore, treatment
with BMA was also a positive prognostic indicator: BMA (-) n = 39, median post-bone metastasis
survival 10.7 months (95% CI: 4.9-22.0); BMA (+) n = 66, median post-bone metastasis survival 24.9
months (95% CI: 13.3-31.2) (p < 0.05). In subgroup analyses, the EGFR mutation (-) group confirmed
the significance of BMA for better post-bone metastasis survival: BMA (-) n = 28, median post-bone
metastasis survival 7.2 months (95% CI: 3.4-12.9); BMA (+) n = 39, median post-bone metastasis
survival 13.6 months (95% CI: 6.0-27.1) (p < 0.05). However, the EGFR mutation (+) group did not:
BMA (-) n = 11, median post-bone metastasis survival 24.1 months (95% CI: 7.0-N/A); BMA (+) n =
27, median post-bone metastasis survival 31.2 months (95% CI: 17.6-36.5) (p = 0.496). The multivariate
analysis consistently showed that both EGFR mutations and BMA levels were independent
prognostic factors (Table 4).
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Figure 3. Post-bone metastasis survival in the overall population and patients with NSCLC and EGFR
mutation.(A) overall population, (B) dichotomized groups by EGFR mutation, and (C) dichotomized
groups by treatment with BMA in 105 patients with NSCLC and (D) dichotomized groups by
treatment with BMA in patients without the EGFR mutation (-) and (E) dichotomized groups by
treatment with BMA in patients with the EGFR mutation (+). .

Table 4. Multivariate analysis for independent factors (BMA and EGFR mutation) related to post-
bone metastasis survival in NSCLC.

95% CI
HR ) p-value
Lower CL Higher CL

BMA No Reference
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Yes 0.5602 0.3437 0.9131 <0.05
EGFR mutation No Reference
Yes 0.5450 0.3308 0.8969 <0.05

CI: confidence interval, HR: hazard ratio, CL: confidence limit.

Finally, we attempted to identify the types of cancers in which BMA significantly improved post-
bone metastasis survival. Results showed that BMA did not significantly improve post-bone
metastasis survival in cancers with a better prognosis than 24 months including breast, kidney,
prostate, and thyroid cancers: BMA (-) n=39, median post-bone metastasis survival 47.2 months (95%
CI: 25.7-97.2); BMA (+) n =138, median post-bone metastasis survival 42.0 months (95% CI: 33.9-67.3)
(p =0.695). But, significantly longer post-bone metastasis survival was observed with BMA treatment
in the counterpart (cancers with less than 24 months prognosis for survival): BMA (-) n = 164, median
post-bone metastasis survival 5.8 months (95% CI: 3.5-7.4); BMA (+) n = 198, median post-bone
metastasis survival 11.7 months (95% CI: 8.3-13.5) (p < 0.005) (Figure 4A and B).
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Figure 4. Post-bone metastasis survival in patients with thyroid, breast, prostate, kidney, and other
cancers.(A) 177 patients with thyroid, breast, prostate, and kidney cancers (post-bone metastasis
survival better than 24 months) and (B) 362 patients with the other cancers (post-bone metastasis

survival poorer than 24 months).

4. Discussion

This study demonstrated that treatment with BMA was a positive prognostic factor for post-
bone metastasis survival, especially in cancers with a poor prognosis after bone metastasis (which
did not include breast, kidney, prostate, and thyroid cancers). Consequently, the results from our
study confirmed that BMA was a significant factor for improved post-bone metastasis survival.

An earlier report suggested a positive effect in patients treated with the BMAs docetaxel and
zoledronic acid. These treatments provided better bone-metastasis progression-free survival
(docetaxel with zoledronic acid 9.0 vs. docetaxel alone; 6.0 months; p <0.05) and overall survival (OS)
(docetaxel with zoledronic acid, 19.0 vs. docetaxel alone; 15.0 months; p < 0.05) than that provided by
zoledronic acid alone in castration-resistant prostate cancer [13], although another paper showed no
significant effect [14]. As recommended in clinical practice, BMA can reduce SRE, which may help
maintain or improve performance status. Therefore, BMA is recommended for cancer patients with
bone metastasis, although careful consideration should be given to atypical femoral fractures (AFF)
and medication-related osteonecrosis of the jaw (MRON]). Reports show that the incidence of AFF
or MRON]] is less than 1% with BMA treatment [15, 16].

Advancements in cancer treatment, including surgery, chemotherapy, and radiotherapy, have
improved the survival of patients with several types of cancer [17]. Similarly, post-bone metastasis
survival might also improve due to advances in cancer treatment, although previous reports have
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not yet shown a positive effect, and patients with bone metastasis have demonstrated poor survival
[18, 19]. Molecularly-targeted drugs have been associated with prolonged survival in patients with
lung cancer and post-bone metastasis [20]. In line with these findings, the results of our study
demonstrate that the presence of EGFR mutations is significantly related to better post-bone
metastasis survival. Physicians should be mindful that bone metastasis and primary lung lesions can
be controlled by molecularly targeted drugs, leading to improved post-bone metastasis survival.

Some plausible reasons for why we observed longer post-bone metastasis survival with BMA
treatment can be proposed. The characteristics of individual cancers including aggressiveness of the
tumor, sensitivity to antitumor agents, or radiotherapy may play a role. For example, in most cases,
thyroid cancer is slow-growing [21], suggesting that the expected prognosis of thyroid cancer might
be better than that of more aggressive tumors, even after bone metastasis occurs. Additionally, bone
formation is occasionally observed with molecularly-targeted drugs in NSCLC with EGFR mutations
[22], indicating that BMA may not be required when bone formation is sufficient without BMA
treatment. Most cancers with poor post-bone metastasis survival appear to be less sensitive to
antitumor agents or radiotherapy. In contrast, breast and prostate cancers tend to be sensitive to
hormone therapy, indicating that BMA treatment may be less effective for post-bone metastasis
survival in these cancers, even though BMA is essential for preventing and/or treating SRE [7].

Independence in activities of daily living (ADL) is crucial for a good QOL and the loss of
independence is a global social problem. Physical disabilities have been a focus of research on
aging [23]. In the oncology field, cancer patients have also experienced difficulties with ADL due to
physical dysfunction [24]. A previous study showed that cancer promotes locomotive syndrome,
leading to poor QOL [25]. Consequently, we are facing social issues regarding not only aging but also
cancer-related weaknesses. Additionally, the impairment of physical function caused by bone
metastasis leads to a decline in performance status, which is strongly related to prognosis. For
instance, a previous study reported that bone metastases were a significant independent negative
predictive factor for OS in lung cancer patients with mutated and wild-type EGFR, whereas lung or
brain metastases were not associated with OS, highlighting the importance of managing bone
metastasis [6].

The present study had some limitations. First, the study may have had a selection bias since all
included patients underwent rehabilitation at our institute, indicating that they were less healthy
than those who were outpatients and visited the hospital on their own. Furthermore, the number of
events was not large in the multivariate analysis; thus, the statistical power may not have been
sufficient to reach a solid conclusion. Further investigation is warranted to address these limitations.

5. Conclusions

Treatment with BMA is recommended not only for the prevention and/or treatment of SRE, but
also to improve survival, particularly in cancers with typically poor post-bone metastasis survival
such as GI cancer and NSCLC without the EGFR mutation.
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