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Purpose: With recent advances in surgical techniques and instruments, orthopedic surgeons
are better equipped to treat metastatic bone disease. There has also been considerable
progress in the non-surgical treatment of cancers, specifically in improving the survival
rate of patients with advanced cancer. However, it remains unclear whether surgical resection
of a metastatic bone lesion poses additional risk to the survival of patients with advanced
cancer.

Patients and Methods: This study utilized data from the National Health Insurance
Research Database (NHIRD) in Taiwan between 2000 and 2015. Patients aged >18 years,
who had been recently diagnosed with bone metastases (BM), were enrolled and assigned to
either the surgery or non-surgery groups. The demographic characteristics were analyzed,
and the adjusted hazard ratios (aHR) of mortality were calculated using Cox regression
analysis.

Results: Of the 4,549,226 individuals in the inpatient database of the NHIRD, 83,536
patients with BM were enrolled in this study. Among them, 8802 underwent surgical
resection for skeletal metastatic lesion and 66,098 did not. Altogether, 28,691 patients
died, including 2798 (31.8%) in the surgery group and 25,893 (39.2%) in the non-surgery
group. The aHR for mortality was 0.7-fold lower in the surgery group (p < 0.001).
Conclusion: This study demonstrates that surgical resection of metastatic bone lesions did
not pose any additional risk to survival outcomes. Thus, we believe that surgery, if indicated,
could have a competitive role in the management of metastatic bone disease.

Keywords: bone metastasis, surgical resection, mortality, bone resorption inhibitor

Introduction

Bone metastases (BM) is a devastating condition that adversely affects the lives of
patients with advanced cancer. Patients may experience limitations in the activities of
daily living, decreased quality of life (QOL), threat to survival, and increased medical
expenses. Management of skeletal metastatic disease has attracted increasing attention
in the last few years. In the past, 50% of patients with cancer would die within 6 months
of surgery owing to a pathologic fracture or paraplegia due to spinal metastases.' Most
surgeons hesitate to perform surgical resection for cancer patients with BM despite the
poor QOL, owing to comorbidities and limited life expectancy. Currently, with the
advancement of surgical techniques and instruments, orthopedic surgeons are better
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equipped to restore function in cancer patients with skeletal
complications. Further, systemic treatment of cancers, such
as chemotherapy and targeted therapy, has contributed to the
increased survival rate of patients with advanced cancer.
Recently, the number of breast and colorectal cancer survi-
vors has increased globally. In numerous countries, the
5-year survival rate for prostate cancer is > 95%.>

Better management of the primary cancer increases the
survival rate of patients; hence, there is an increased demand
for surgical intervention to treat metastatic bone lesions.
However, the risks and possible complications associated
with surgery may have a negative effect on the patient’s
health. It is also unclear whether surgical resection of meta-
static bone lesions is an additional risk factor in the overall
survival outcomes of patients with advanced cancer. In fact,
the reported survival rates vary widely between different
studies because of the difference in primary tumor
selection.® Studies that have demonstrated survival rates
of patients presenting with BM from a variety of primary
tumors with short-term follow-up also showed heterogeneous
results.® Thus, this study aimed to conduct a long-term
investigation on the difference in mortality rates between
patients who underwent surgical resection for skeletal metas-
tases and those who did not, while considering sex, age,
comorbidities, and use of bone resorption inhibitors (BRIs).

Patients and Methods

Database

We analyzed all the inpatient data included in Taiwan’s
National Health Insurance Research Database (NHIRD),
which was established in 1995. The health insurance sys-
tem in Taiwan enrolls > 99% of the population (around
23,000,000 insurants per year). Cancer with BM was con-
sidered to be in the advanced stage; therefore, most
patients were hospitalized for medical treatment. The
study data was obtained from January 1, 2000 (index
date) to December 31, 2015. The composition and char-
acteristics of the individuals were normally distributed.

Study Design, Patients, and Ethics

We used the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) coding system to
identify diagnoses and related procedures. BM was defined as
ICD-9-CM code 198.5, corresponding to the following ICD-
9-CM codes for primary cancer, eg, ICD-9-CM: 162 for lung
cancer, ICD-9-CM: 174 for breast cancer, and ICD-9-CM: 185
for prostate cancer. Patients with BM before the index date,

those who were lost to follow-up, those with unknown sex
information, and pediatric patients (< 18 years old) were
excluded from the study. Surgical resection for skeletal metas-
tases was defined using the National Health Insurance order
code, 64204B and 64205B for wide excision of malignant
bone tumors. The use of BRIs, such as zoledronic acid, pami-
dronate disodium, clodronate tetrahydrate, and denosumab,
was also analyzed. The utilization of NHIRD data was legally
authorized and complies with relevant data protection and
privacy regulations. The study protocol was approved by
Institutional Review Board of the Tri-Service General
Hospital (approval No. B202005037).

Comorbidities

The following comorbidities and associated complications
were assessed using the corresponding ICD-9-CM codes:
hypertension (HTN, ICD-9-CM: 401-405), diabetes mellitus
(DM, ICD-9-CM: 250), chronic obstructive pulmonary dis-
ease (COPD, ICD-9-CM: 490-496), chronic kidney disease
(CKD, ICD-9-CM: 585), ischemic heart disease (IHD, ICD-
9-CM: 410414), congestive heart disease (CHD, ICD-
9-CM: 428-429), stroke (ICD-9-CM: 430-438), pneumonia
(ICD-9-CM: 480-486), injury (ICD-9-CM: 800-999),
hyperthyroidism (ICD-9-CM: 242), liver disease (ICD-
9-CM: 571), depression (ICD-9-CM: 296.2-296.3, 300.4,
311), and sepsis (ICD-9-CM: 003.1, 036.1, 038). All pre-
sented ICD-9-CM codes and National Health Insurance order
codes are displayed in the appendix (Table S1).

Statistics

Statistical analysis was performed using SPSS software, ver-
sion 22 (IBM Corp., Armonk, N.Y., USA). The chi-square and
Fisher’s exact tests were used to compare categorical variables
and the #-test was used to compare continuous variables
between the surgery and non-surgery groups. Kaplan—Meier
curve analysis and the Log rank test was employed to demon-
strate the cumulative risk of mortality. The adjusted hazard
ratios (aHRs) of mortality and other covariates of interest were
calculated using multivariate Cox regression analysis.
A p-value < 0.001 was considered statistically significant.

Results

Of the 4,549,226 individuals in the inpatient database of
NHIRD, 83,536 patients with BM were enrolled in this
study. On applying the exclusion criteria, 8636 patients
were excluded. Thus, 74,900 patients were selected for sub-
sequent analysis; all were at least 18 years old and had BM
that was recently diagnosed between 2000 and 2015. Among
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these, 8802 patients underwent surgical resection for skeletal
metastatic lesion and 66,098 did not. At the end of the
follow-up period, a total of 28,691 patients died: 2798
(31.8%) in the surgery group and 25,893 (39.2%) in the non-
surgery group. The research algorithm is presented in
Figure 1.

The final study participants were divided into two groups:
“surgery” and “non-surgery.” Patient characteristics included
sex, age, the location of BM, length of hospital stay, adjunctive
radiotherapy and chemotherapy, distribution of hospital levels,
comorbidities, and the use of BRIs (Table 1). Most patients
with BM (> 50%) were aged > 65 years in both the surgery and
non-surgery groups. We divided the patients into the following
three age subgroups: 1844 years, 45-64 years, and > 65
years; the distribution of patients in each subgroup was similar
in both groups. However, patients in the surgery group were
significantly older. There were more male patients than female
patients enrolled in this study (52.4% versus 47.6%) and in the
non-surgery group (53.2% versus 46.8%); however, the num-
ber of male patients was lower than that of female patients in

the surgery group (46% versus 54%). According to the loca-
tion of BM, we also divided the patients into the following
three subgroups: axial skeleton, appendicular skeleton, and
multiple sites. There was significant difference in the compo-
sition between the surgery and non-surgery groups. The non-
surgery group included more patients with multiple sites of
BM than the surgery group (90.8% versus 65.5%). Several
differences in the accompanying comorbidities were found:
the prevalence of HTN, DM, IHD, CHD, injury, liver disease,
and depression was higher in the surgery group, while that of
pneumonia was higher in the non-surgery group. No signifi-
cant difference in the prevalence of COPD, CKD, stroke,
hyperthyroidism, and sepsis was observed. Overall, accompa-
nying comorbidities were more prevalent in the surgery group.
The proportion of patients using BRIs (except for denosumab)
was significantly higher in the non-surgery group.

The follow-up period from surgery to death ranged from 1
to 15 years. Kaplan—Meier curves of survival for the surgery
and non-surgery groups are shown in Figure 2. A significant
difference in survival was noted based on the Log rank test (p

Number of inpatients in the National Health Insurance
Research Database in Taiwan (2000-2015)

Figure | Flowchart of the study design and participant selection.

n = 4,549,226
Inclusion criteria
Bone metastasis after cancer =
n = 83,536
Exclusion criteria
Bone metastasis before index date
- Without tracking
Age < 18 years
Sex unknown
n =8636
Y
Study samples
n = 74,900
With surgery Without surgery
n = 8802 n= 66,098+
l Tracking endpoint( Dec. 31, 2015) !
Montality Montality
n =2798 n = 25,893
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Table | Patient Characteristics Based on the Longitudinal Health Insurance Database

Patient Total With Surgery Non- Surgery p
Characteristics n % n % n %
Total 74,900 8802 11.8 66,098 88.2
Mortality < 0.001
Without 46,209 61.7 6004 68.2 40,205 60.8
With 28,691 383 2798 31.8 25,893 39.2
Sex < 0.001
Male 39,225 524 4052 46.0 35,173 53.2
Female 35,675 47.6 4750 54.0 30,925 46.8
Age (years) 65.94 £ 14.29 67.45 £ 14.55 65.74 £ 14.25 < 0.001
1844 6,318 8.4 688 7.8 5630 85
45-64 27,115 36.2 2867 32,6 24,248 36.7
= 65 41,467 55.4 5247 59.6 36,220 54.8
Location of BM <0.001
Axial 8687 10.0 2374 28.0 6313 8.1
Appendicular 1437 1.7 546 6.4 891 1.1
Multiple 76,345 88.3 5553 65.5 70,792 90.8
Length of hospital days | 12.9 + 13.2 11.9 £ 129 13.1 £ 133 < 0.001
RT/CT < 0.001
Without 18,092 20.9 1436 16.9 16,656 21.4
With 68,377 79.1 7037 83.1 61,340 78.6
Hospital levels
Medical center 40,195 46.5 3913 46.2 36,282 46.5 0.78
Regional hospital 36,838 42.6 3640 43.0 33,198 42.6
District hospital 9436 10.9 920 10.9 8516 10.9
HTN < 0.001
Without 66,928 89.4 7204 8l1.8 59,724 90.4
With 7972 10.6 1598 18.2 6374 9.6
DM < 0.001
Without 67,250 89.8 7596 86.3 59,654 90.3
With 7650 10.2 1206 13.7 6444 9.7
COPD 0.11
Without 71,143 95.0 8330 94.6 62,813 95.0
With 3757 5.0 472 54 3285 5.0
CKD 0.30
Without 70,781 94.5 8297 94.3 62,484 94.5
With 4119 5.5 505 5.7 3614 5.5
IHD < 0.001
Without 72,391 96.7 8391 95.3 64,000 96.8
With 2509 33 411 4.7 2098 32
CHD < 0.001
Without 72,862 97.3 8495 96.5 64,367 97.4
With 2038 2.7 307 35 1731 2.6
(Continued)
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Table | (Continued).
Patient Total With Surgery Non- Surgery p*
Characteristics n % n % n %
Stroke 0.0l
Without 72,691 97.1 8500 96.6 64,191 97.1
With 2209 2.9 302 3.4 1907 2.9
Pneumonia < 0.001
Without 60,898 81.3 7477 84.9 53,421 80.8
With 14,002 18.7 1325 15.1 12,677 19.2
Injury < 0.001
Without 70,630 94.3 7600 86.3 63,030 95.4
With 4270 57 1202 13.7 3068 4.6
Hyperthyroidism 0.73
Without 74,817 99.9 8794 99.9 66,023 99.9
With 83 0.1 8 0.1 75 0.1
Liver disease < 0.001
Without 69,755 93.1 8041 91.4 61,714 93.4
With 5145 6.9 761 8.6 4384 6.6
Depression < 0.001
Without 74,384 99.3 8714 99.0 65,670 99.4
With 516 0.7 88 1.0 428 0.6
Sepsis 0.004
Without 64,578 86.2 7676 87.2 56,902 86.1
With 10,322 13.8 1126 12.8 9196 13.9
Zoledronic acid < 0.001
Without 52,415 70.0 6386 72.6 46,029 69.6
With 22,485 30.0 2416 27.4 20,069 30.4
Pamidronate disodium < 0.001
Without 53,614 71.6 6791 77.2 46,823 70.8
With 21,286 28.4 2011 22.8 19,275 29.2
Clodronate < 0.001
Tetrahydrate
Without 52,635 70.3 6654 75.6 45,981 69.6
With 22,265 29.7 2148 24.4 20,117 304
Denosumab 0.47
Without 52,286 69.8 6174 70.1 46,112 69.8
With 22,614 30.2 2628 29.9 19,986 30.2

Note: *Chi-square/Fisher’s exact test for categorical variables and t-test for continuous variables. A p-value < 0.001 was considered statistically significant.
Abbreviations: BM, bone metastases; RT, chemotherapy; CT, chemotherapy; DM, diabetes mellitus; CHD, congestive heart disease; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; HTN, hypertension; IHD, ischemic heart disease.

< 0.001). Most deaths that occurred during the study period
were within 5 years of surgery, and particularly within the
first year. The number of surgeries for BM by years of follow-
up are shown in Figure 3. It exhibits an upward trend over the
study period. After adjustment for sex, age, and comorbidities
using multivariate Cox regression analysis, the aHRs of

surgery, sex, age subgroups, and comorbidities were identified
(Table 2). The aHR of mortality was significantly lower in the
surgery group than in the non-surgery group (aHR = 0.7, p <
0.001). As expected, old age and comorbidities were asso-
ciated with a higher aHR or mortality. None of the BRIs had
significant influence on the aHR of mortality.
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Figure 2 Kaplan—Meier curves for cumulative survival and the Log rank test. The inpatients with bone metastases were aged 2 18 years and stratified by whether they
underwent surgery.
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Figure 3 The number of surgeries done for BM by years of follow-up presents an upward trend.

We also performed a stratified analysis for sex, age sub-  subgroups, sexes, and when the analysis was restricted to
groups, each comorbidity, and certain cancers to compare the  certain comorbidities and cancers. Patients with skeletal
aHRs of mortality between the surgery and non-surgery  metastases who underwent surgical resection were at no
groups (Table 3). Results were comparable between all age  extra risk of death when compared with those who did not.
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Table 2 Factors for Mortality Based on Multivariate Cox Regression Analysis

Variables Crude HR Adjusted HR* 95% CI 95% CI P
Surgery

With/Without 0.64 0.70 0.67 0.73 < 0.001
Sex

Male/Female 1.40 1.40 1.37 1.44 < 0.001
Age (years)

45-64/18-44 1.01 1.02 0.97 1.06 0.453

> 65/18—44 1.18 1.16 111 1.22 < 0.001
HTN

With/Without 1.44 1.54 1.52 1.57 < 0.001
DM

With/Without 1.65 1.77 1.74 1.8l < 0.001
COPD

With/Without 1.69 1.67 1.64 1.71 < 0.001
CKD

With/Without 1.08 1.30 1.04 1.93 0.005
IHD

With/Without 1.52 1.61 1.56 1.66 < 0.001
CHD

With/Without 1.76 1.86 1.80 1.92 < 0.001
Stroke

With/Without 1.64 1.73 1.68 1.79 < 0.001
Pneumonia

With/Without 243 2.26 222 2.29 < 0.001
Injury

With/Without 1.48 1.54 1.50 1.57 < 0.001
Hyperthyroidism

With/Without 1.38 1.44 127 1.74 0.002
Liver disease

With/Without 1.94 1.88 1.84 1.92 < 0.001
Depression

With/Without 1.6l 1.72 1.6l 1.84 < 0.001
Sepsis

With/Without 2.52 231 227 235 < 0.001
Zoledronic acid

With/Without 0.56 0.85 0.40 1.38 0.44
Pamidronate disodium

With/Without 0.84 1.03 0.57 1.60 0.57
Clodronate Tetrahydrate

With/Without 0.68 0.88 0.30 1.41 0.45
Denosumab

With/Without 0.90 1.27 0.71 1.77 0.60

Note: *Adjusted for the variables listed in the table. A p-value < 0.001 was considered statistically significant.
Abbreviations: HR, hazard ratio; Cl, confidence interval; DM, diabetes mellitus; CHD, congestive heart disease; CKD, chronic kidney disease; COPD, chronic obstructive

pulmonary disease; HTN, hypertension; IHD, ischemic heart disease.
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Table 3 Factors for Mortality Stratified by Sex, Age Groups, Comorbidities, and Certain Cancers Based on Multivariate Cox

Regression Analysis

Surgery
Stratified Adjusted HR® 95% CI 95% CI P
Total 0.70 0.67 0.73 < 0.001
Sex

Male 0.74 0.71 0.77 < 0.001

Female 0.66 0.64 0.69 < 0.001
Age group (years)

1844 0.66 0.64 0.69 < 0.001

45-64 0.67 0.65 0.70 < 0.001

= 65 0.73 0.70 0.76 < 0.001
HTN 0.77 0.74 0.80 < 0.001
DM 0.86 0.83 0.89 < 0.001
COPD 0.77 0.74 0.81 < 0.001
CKD 0.82 0.79 0.86 < 0.001
IHD 0.82 0.79 0.85 < 0.001
CHD 0.75 0.72 0.78 < 0.001
Stroke 0.71 0.68 0.74 < 0.001
Pneumonia 0.76 0.73 0.79 < 0.001
Injury 0.84 0.80 0.87 < 0.001
Hyperthyroidism 0.95 0.91 0.99 0.034
Liver disease 0.79 0.76 0.82 < 0.001
Depression 0.79 0.76 0.82 < 0.001
Sepsis 0.93 0.89 0.97 0.011
Lung cancer 0.74 0.68 0.80 < 0.001
Female breast cancer 0.79 0.72 0.86 < 0.001
Prostate cancer 0.69 0.61 0.79 < 0.001

Notes: “Adjusted for the listed variables. A p-value < 0.001 was considered statistically significant.
Abbreviations: HR, hazard ratio; Cl, confidence interval; DM, diabetes mellitus; CHD, congestive heart disease; CKD, chronic kidney disease; COPD, chronic obstructive

pulmonary disease; HTN, hypertension; IHD, ischemic heart disease.

Discussion

In this study, we performed a large-scale investigation
using data from the NHIRD. The results demonstrated
that the overall mortality is lower in the surgery group
than in the non-surgery group; moreover, the surgery
group is associated with a significantly lower risk of mor-
tality (aHR = 0.7) than the non-surgery group after adjust-
ment for sex, age, and comorbidities. The stratified
analysis in our study also demonstrated that the risk of
mortality in the surgery group decreased consistently in

certain cancers and each comorbidity subgroup, except in
those of hyperthyroidism and sepsis. These findings could
be attributed to the following: first, the goals of surgery for
BM include local tumor control, providing structural sta-
bility, and restoration of function; therefore, patients in the
surgery group may have had a better QOL and ability to
perform daily functions, which possibly protected them
from the risk of mortality due to diseases other than their
primary cancer. Second, the patients possibly had good
control of the primary malignancy and a relatively healthy
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status. Thus, they were willing to undergo surgery, or were
suitable for surgery, thereby leading to a better prognosis.
The location of BM also played a significant role.
Surgeons tend to operate on lesions that are solitary, sur-
gically accessible, and could cause less morbidity post-
operatively. Up to 98.9% of patients in the non-surgery
group had BM of the axial skeleton or multiple sites, while
that for patients in the surgery group was 93.5%. Hence,
there may have been a bias in selection. Even so, with the
advancement of medical instruments and surgical techni-
ques, the location of lesions may not be a limiting factor.
The trend of surgery for BM has increased steadily in the
present study (Figure 3). In our study, comorbidities
(except for pneumonia and sepsis) were more prevalent
in the surgery group. Additionally, the average age of the
patients in the surgery group was higher than that of those
in the non-surgery group. There was no evidence that
patients in the surgery group had better health status than
those in the non-surgery group.

There have been numerous studies attempting to investi-
gate the prognostic factors among patients with BM and iden-
tify candidates suitable for surgery. In a previous prospective
study, pathological fracture, visceral metastases, hemoglobin <
7 mmol/L, and lung cancer were identified as independent
negative prognostic factors for 1-year survival. Myeloma was
the only positive factor identified, based on the skeletal metas-
tasis registry of the Scandinavian Sarcoma Group.® Recently,
non-surgical treatments, such as targeted therapy (eg, gefitinib
for epidermal growth factor receptor mutant non-small cell
lung cancer), have improved the survival of cancer patients,’
with pertuzumab and trastuzumab increasing the median over-
all survival of patients with HER2-positive metastatic breast
cancer.® Evidence of prolonged survival time after surgery may
change the attitude of both surgeons and patients towards
surgical intervention, leading to an increased demand for sur-
gery, particularly in cases with BM. Although a cure for meta-
static bone disease remains a challenge, our study shows that
surgery produces promising results.

Surgical strategies for BM must be individualized. For
spinal metastases of breast cancer or prostate cancer, hormone
therapy or radiotherapy is usually the first line of treatment
before surgery.”'® However, total en bloc spondylectomy may
be beneficial when the lesion is solitary, and a long survival
time is expected.'' Nonetheless, operative methods for spinal
metastases differ according to the sites and sizes of metastases.
After the axial skeleton, the pelvic bone is the second most
common site of BM.'? Pelvic bone surgery is a demanding
operation both for the

surgeons and the patients.

A retrospective study of 83 patients who underwent surgery
for metastases to the pelvis concluded that primary cancer type,
serum albumin level, and visceral metastases influence

1.3 Considering that no standard procedures have

surviva
been established, en bloc resection is generally performed
with the intent to reduce tumor burden and cure patients with
solitary metastases at accessible sites. Moreover, surgery is
also beneficial for the repair of mechanical instability, pain
relief, and the improvement of limb function and QOL in
fractures.'*"

a retrospective study showed that the surgical outcomes,

pathological ~ long  bone However,
including blood loss, period of hospitalization, and recovery
of function, are better for at-risk fractures than for pathologic
fractures.'® Operative methods include internal fixation and
prosthesis replacement.

Studies have shown that BRIs provide clinical benefits
to patients with BM.'”'® To date, zoledronic acid is the
most promising bisphosphonate, while denosumab is
another potent agent that prevents bone destruction.
However, these agents are associated with adverse events,
such as osteonecrosis of the jaw, renal toxicities, and
hypocalcemia.'®?° In our study, the proportion of patients
using zoledronic acid, pamidronate disodium, and clodro-
nate tetrahydrate was significantly lower in the surgery
group than in the non-surgery group; however, there was
no difference in the use of denosumab between the groups.
This finding could be attributed to the requirement of BRIs
in the non-surgery group since most patients had multiple
BMs that could not be resolved by surgery, while most
patients in the surgery group had solitary or oligometa-
static disease. Moreover, surgery for BM may decrease the
need for BRIs. Nevertheless, the administration of BRIs
did not show a significant influence on mortality after
adjustment for age, sex, surgery, and comorbidities.

This study has several limitations. First, the severity
of the patients’ disease could not be determined from the
database. Even among patients with the same primary
tumor and BM, the severity may still differ, particularly
since some patients may have solitary BM while others
may have multiple BM, with or without visceral metas-
tases. Thus, this study focused on all-cause mortality
rather than cancer-related mortality to minimize the con-
founding effect of these variables. Second, other treat-
BM,
chemotherapy, targeted therapy, and local ablation/cryoa-

ments performed for such as radiotherapy,
blation, might have influenced patient survival. Based on
the results, the percentage of patients receiving radio-

therapy or chemotherapy was higher in the surgery
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group than in the non-surgery group (83.1% versus
78.6%). The trends for cancer management were multi-
disciplinary. However, it was difficult to match individual
courses of treatment in this study. We therefore selected
lung, breast, and prostate cancer as subgroups, which are
known for their strong association with BM. Most
patients within the same cancer subgroup might have
undergone similar non-surgical treatments (eg, che-
motherapy and hormonal therapy) in the therapeutic pro-
tocols. There was no significant difference in the
distribution of hospital levels between both groups,
implying that the quality of treatment and care might be
similar. Third, the socioeconomic and educational status
of patients were not recorded in the database. Thus, we
were unable to determine the extent to which this con-
founding factor influenced our results, given that the cost
associated with surgical treatment is high. Nevertheless,
most medical procedures were included in the National
Health Insurance of Taiwan and were thus affordable
(universal health coverage in Taiwan is > 99%).%!
Finally, surgical outcomes were not only related to survi-
val but also the health status of the survivors, including
post-operative morbidities, the length of hospital stay,
and discharge destination. In the present study, it was
difficult to define post-operative complications in the
database owing to the variety in timing, situation, dura-
tion, and influence. Coincidentally, the discharge destina-
tion code had not been established in the database.
However, during the study period, the surgery group did
not surpass the non-surgery group in the average length of
hospital stay. It seemed that surgery had not elongated
hospital stay, despite possible surgical complications.
These focused issues require further investigation in the
future studies.

Conclusion
To the best of our knowledge, this is the first nationwide
cohort study investigating the effect of surgical interven-
tion for BM on mortality in advanced cancer. Unique
strengths of the study are the inclusion of
a demographically broad population, a follow-up period
substantially longer than that in previously published out-
come studies, and an insight into the effect of surgical
intervention for BM stratified by various subgroups.

This study, involving a large cohort of cancer patients
with BM, revealed that surgical treatment had not resulted

in any additional risk on survival, regardless of age, sex,

certain cancer types, and comorbidities. Further, this study
has the potential to reduce the use of BRIs. Although there
are multiple factors that can influence the survival rate of
cancer patients with BM, we believe surgical resection
could have a competitive role in the management of meta-
static bone disease if applied properly, and the manage-
ment of BM will continue to improve.
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