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Abstract

Purpose The skeleton is one of the most common sites of
metastasis in patients with non-small cell lung cancer
(NSCLC). Metastasis increases the risk of skeletal-related
events (SREs). The purpose of this study is to evaluate the
incidence of SREs and the factors associated with the devel-
opment of SREs in patients with bone metastases (BM) aris-
ing from NSCLC.

Methods A cohort study was carried out involving 95 patients
with BM associated with NSCLC who were enrolled between
2007 and 2011. Clinical and sociodemographic data were ex-
tracted from the physical and electronic records. The associa-
tion between exposure variables and outcome (SREs) was
assessed using crude odds ratio (OR). Survival analysis of
patients with BM was conducted using the Kaplan-Meier
method. A log-rank test was used to assess differences be-
tween the curves of those who did and did not experience
SREs.

Results Sixty-two out of 95 patients with BM (65.3 %)
showed evidence of at least one SRE. Multiple analysis re-
vealed that patients with a history of smoking (OR=6.76; 95%
CI=1.3-33.0; p<0.01), performance status >2 (OR=3.38;
95% CI=1.2-9.3; p<0.01), and multiple BM (OR=3.31;
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95% CI=1.1-9.9; p<0.03) were at greater risk of SREs.
Median survival time was 4.6 months (95% CI=2.9-6.2) in
patients who experienced SREs and 6.8 months (95% CI=
2.2-11.4) in patients who did not, a statistically significant
difference (p=0.03).

Conclusion Patients with NSCLC are more likely to experi-
ence SREs if they have poor performance status, a history of
smoking or multiple BM. Global survival was shorter in pa-
tients who suffer SREs.

Keywords Bone metastasis - Skeletal-related events -
Non-small cell lung cancer - Associated factors

Introduction

Lung cancer (LC) is one of the most common cancers, and it
remains the leading cause of death from cancer in men and
women in Brazil and across the world [1-3].

Detection of LC normally occurs when the disease has
already progressed locally or is associated with detection of
metastases as there are few symptoms during the early stages
[4, 5]. The skeleton is one of the most common sites of me-
tastasis in patients with non-small cell LC (NSCLC) [6]. Bone
metastases (BM) are observed in about 3040 % of patients
with advanced LC, and this number is higher if more sensitive
diagnostic technologies are used [7, 8]. The median survival
time after BM is 7 months [9].

In patients with BM, a complex cascade of biochemical
signaling events involving tumor cells and bone cells results
in a vicious cycle of tumor growth and a destruction of bone
tissue that compromises skeletal integrity [10]. These alter-
ations in the skeletal system increase the risk of skeletal-
related events (SREs) such as pathological fracture, spinal cord
compression, malignant hypercalcemia, and requirement for
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radiotherapy or surgery of the bone [10]. A retrospective study
of patients with NSCLC and BM reported that 50 % of patients
had SREs [11], and that occurrence of SREs was linked to loss
of mobility and deterioration in quality of life [12].

Knowledge of predictors of SREs is required to develop
effective preventive treatment and optimise the use of current
therapeutic resources. Smoking, performance status, the his-
tological type of NSCLC, and a history of use of epidermal
growth factor receptor tyrosine kinase inhibitors (EGFR-TKI)
are independent risk factors for SREs; however, evidence on
SREs is scarce [13].

The aim of this study was to evaluate the incidence of SREs
and the factors associated with their occurrence in patients
with BM associated with NSCLC. A secondary objective
was to relate global survival to the occurrence of SREs.

Methodology

A cohort study of patients diagnosed with NSCLC between
2007 and 2011 and treated at the Brazilian National Cancer
Institute (Instituto Nacional de Cédncer—INCA) was conduct-
ed. The histological types represented in the sample were
squamous cell carcinoma (International Classification of
Diseases for Oncology 3rd Edition (ICD-O-3) codes 8050—
8076), adenocarcinoma (8140-8211, 8230-8231, 8250—
8260, 8323, 8480-8490, 8550-8560, and 8570-8572), and
large-cell carcinoma (8012—8031 and 8310). Diagnoses of
BM were confirmed using one of the following methods:
standard radiography, bone scintigraphy, computerised to-
mography (CT), or magnetic resonance imaging (MRI).

Clinical and sociodemographic data for the period between
cancer diagnosis and December 31, 2013 were extracted from
physical and electronic patient records. The independent var-
iables evaluated were gender, age, race, marital status, school-
ing, history of smoking, alcohol consumption, histology, stag-
ing, body mass index (BMI), performance status, number of
vertebrae involved per metastasis, presence of other BM sites,
and the method of LC treatment.

The main time-dependent outcome was defined as the
SREs. In this study, an SRE was defined as the occurrence
of a pathological fracture, spinal cord compression, malignant
hypercalcemia, or the requirement for radiotherapy or surgery
of the bone.

A descriptive study of the population was carried out, using
measures of central tendency and dispersion for the continu-
ous variables and frequency distribution for the categorical
variables. The association between the independent variables
and the outcome variable (SREs) was assessed by using crude
odds ratio (OR). Variables that showed a p value <0.20 or
variables of clinical significance were selected for the multiple
regression modeling. Only variables with p value <0.05 were
retained in the final model.
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Analysis of the survival of patients with BM was
carried out using the Kaplan-Meier method. Patients
were followed for up to 24 months. Differences between
the survival curves of those who did and did not expe-
rience SREs were assessed with a log-rank test. The
significance level was set at p value <0.05 for all anal-
yses. The data were analysed using SPSS (Statistical
Package for Social Science for Windows, Sao Paulo, Brazil)
software version 21.0.

This work was approved by the Research Ethics Committee
of the National Cancer Institute (/nstituto Nacional de Cancer,
protocol CAAE: 11556513.2.0000.5274, number 233 245/
2013) and was conducted in accordance with the ethical prin-
ciples established by the National Health Council (CNS),
Resolution 466/12.

Results

Ninety-five patients who had been diagnosed with BM arising
from NSCLC between 2007 and 2011 were identified and
followed for a median period of 4.4 months from the diagnosis
of BM.

Table 1 summarises the clinical and sociodemographic data
for the sample of NSCLC patients with BM. Sixty-one percent
of eligible patients were men. The average age at the time of
BM diagnosis was 60.9 years (£SD 9.0). Patients were pre-
dominantly Caucasian (72.6 %) with a history of smoking
(86.3 %). Most of the tumors were histologically classified

Table 1 Clinical and sociodemographic characteristics of the
population studied (n=95)

Features N (%)

Age (years, mean+SD) 60.9+£9.0
Male 58 (61.1 %)
Caucasians 69 (72.6 %)
Married 62 (65.3 %)

Schooling <8 years of study 61 (64.2 %)
82 (86.3 %)
51(53.5 %)
43 (45.3 %)
73 (76.9 %)
57 (60.0 %)
56 (58.9 %)
71 (74.7 %)
74 (77.9 %)

History of smoking

History of alcoholism

Normal BMI

Performance status 01

Solitary bone metastasis

Histological type: adenocarcinoma
Stage IIIb and IV at diagnostic NSCLC

Treatment with chemotherapy, radiotherapy,
or chemotherapy+radiotherapy
History of bisphosphonates therapy

History of EGFR-TKI therapy

14 (14.7 %)
7(7.4 %)

NSCLC non-small cell lung cancer, BMI body mass index, EGFR-TKI
epidermal growth factor receptor tyrosine kinase inhibitor
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as adenocarcinomas (58.9 %). Approximately three quarters
(74.7 %) of the patients were in the advanced stage at the time
of NSCLC diagnosis; of these, 48 were stage I'V. The sites of
metastasis at the time of cancer diagnosis were bone (n=31),
brain (n=10), adrenal gland (n=9), and liver (n=4). After
diagnosis of BM, 14.7 % of patients received one or more
doses of bisphosphonates and 7.4 % used EGFR-TKI therapy.
Many cases of BM involved multiple locations. The most
common sites were spine (38.6 %), ribs (20.2 %), pelvis
(12.4 %), humerus (5.9 %), and skull (4.6 %). Other less
frequent sites were scapula, sacrum, clavicle, radius, sternum,
and hand.

Sixty-two (65.3 %) of the 95 patients with BM showed
evidence of at least one SRE during the study period. Thirty-
three (53.2 %) patients suffered only one SRE, whilst 29
(46.8 %) suffered multiple events. SREs occurred at the same
time as BM diagnosis in 42 (67.7 %) patients and during the
follow-up period in 20 (32.3 %) patients. In total, 53
patients underwent radiotherapy to bone (55.8 %), 25
suffered a pathological fracture (26.3 %), 24 developed
spinal cord compression (25.3 %), three developed malig-
nant hypercalcemia (3.2 %), and one underwent bone surgery
(1.0 %) (Table 2).

The incidence of SREs was not influenced by gender, age,
BMLI, histological type, or stage of NSCLC. Univariate anal-
ysis showed, however, that patients with a history of smoking
and performance status >2 were at increased risk of SREs
(Table 3).

Patients with a history of smoking were 6.7 times more
likely to suffer SREs than those with no history of smoking
(OR=6.76; 95 % CI=1.3-33.0; p<0.01). Patients with a per-
formance status >2 were 3.3 times more likely to experience
SREs than those with a performance status <2 (OR=3.38;
95 % CI=1.2-9.3; p<0.01), and the patients with multiple
BM were 3.3 times more likely to experience SREs than those
with a single BM (OR=3.31; 95 % CI=1.1-9.9; p<0.03)
(Table 4).

The median survival time for patients diagnosed with BM
was 4.7 months (95 % CI=2.9-6.4). The average survival
time was 4.6 months (95 % CI=2.9-6.2) for those who expe-
rienced at least one SRE and 6.8 months (95 % CI=2.2-11.4)
for those who did not experience an SRE. This difference was
statistically significant (»p=0.03) (Fig. 1).

Table 2 Incidence of
skeletal-related events in
the sample (n=95)

Skeletal-related events N (%)

Radiotherapy to bone 53 (55.8 %)
25(26.3 %)
24 (25.3 %)
3(3.2 %)

1(1.0 %)

Pathological fracture
Spinal cord compression
Hypercalcemia

Surgery to bone

Discussion

There has been increasing interest in BM and in the compli-
cations that may occur in the skeletal system as a conse-
quence. However, this was the first study to investigate
SREs in patients with NSCLC in Brazil.

In this study, the mean age of the patients at the time of BM
diagnosis was 60.9 years and 61.1 % were men, similar to
other authors’ findings [14—16]. Previous studies have report-
ed that 57.8-65.0 % of patients with NSCLC have an adeno-
carcinoma [14—16]; the proportion of patients in this study
was within this range (58.9 %).

LC has a high potential for metastasis and is normally
diagnosed when the disease has already progressed locally
or systemically because there are few symptoms in the early
stages of the disease [5, 17]. In this study, 74.7 % of the
diagnosis had stage IIIb or IV disease patients at the time of
the NSCLC. A recent study [17] reported that 41 % of patients
had distant disease at the time of the diagnosis and of these
38 % suffered BM during the first year following their cancer
diagnosis.

The skeletal system is one of the most common sites of
metastasis in patients with LC [6, 17]. Progression of BM
may result in SREs which, as well as being associated with
pain and reduced quality of life, place a substantial demand on
healthcare resources [12, 18]. In this study, 65.3 % of patients
experienced at least one SRE. Another study including patients
from four European countries reported that the frequency of
SREs in patients with BM arising from LC, breast cancer,
prostate cancer, or multiple myeloma ranged from 39 % in
England to 70 % in Spain [12]. SRE history ranged between
38.2 and 67.8 % in studies limited to patients with LC [11,
15-17, 19-22]. Tsuya et al. [11] reported that 45 % of patients
diagnosed with stage IV NSCLC and 71 % of patients diag-
nosed with stage Il disease experienced at least one type of
SRE. The incidence of SREs in our population was at the
upper end of the range; studies reporting lower incidences of
SREs tend to have been conducted in developed countries
where drugs such as bisphosphonates and inhibitors of recep-
tor activator of nuclear factor kappa-b ligand (RANKL) like
denosumab are available. Bisphosphonates and denosumab
are effective in reducing the incidence of SRE and delayed
the time to SRE [23-29]. By the time this study was conducted
(2007-2011), bisphosphonates were not routinely used in the
institution. A systematic review and meta-analysis of patients
with LC demonstrated that treatment with bisphosphonates
produced a 19 % reduction in the risk of experiencing new
SREs during the first 2 years of treatment [28]. A phase III
clinical trial [29] reported that denosumab extended the time to
first SRE by a median of 6 months compared to zoledronic
acid, resulting in a risk reduction for a first SRE of 19 % and in
an improvement of pain outcomes in patients with bone me-
tastasis due to solid tumours including NSCLC.
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Table 3 Univariate analysis of
the effects of various
demographic and clinical
variables on incidence of skeletal
system-related events in patients
with bone metastasis arising from
non-small cell lung cancer

This study evaluated factors associated with the occurrence
of SREs in patients with NSCLC with BM. Patients with a
history of smoking, poor performance status (>2), or multiple

@ Springer

Features SRE OR (95 % CI) p value
Yes No

Gender

Male 36 (58.1) 22 (66.7) Reference

Female 26 (41.9) 11 (33.3) 1.4 (0.5-3.4) 0.41
Age to diagnosis

>60 years old 28 (45.2) 20 (60.6) Reference

<60 years old 34 (54.8) 13 (39.4) 1.8 (0.74.4) 0.15
Race/skin color

Caucasian 43 (71.7) 26 (81.2) Reference

Non-caucasian 17 (28.3) 6 (18.8) 1.7 (0.5-4.8) 0.31
Marital status

With partner 39 (63.9) 23 (71.9) Reference

Without partner 22 (36.1) 9 (28.1) 1.4 (0.5-3.6) 0.44
Schooling

>8 years of study 25 (41.0) 15 (48.4) Reference

<8 years of study 36 (59.0) 16 (51.6) 1.3(0.5-3.2) 0.49
Smoking

No 4(6.5) 7 (22.6) Reference 0.03

Yes 58 (93.5) 24 (77.4) 42 (1.1-15.5)
Alcoholism

Yes 32 (58.2) 19 (70.4) Reference

No 23 (41.8) 8(29.6) 1.7 (0.64.5) 0.28
BMI

Underweight or normal weight 32 (66.7) 19 (73.1) Reference

Pre-obese or overweight 16 (33.3) 7 (26.9) 1.3 (0.4-3.8) 0.57
Performance status

<2 26 (43.3) 20 (66.7) Reference

>2 34 (56.7) 10 (33.3) 2.6 (1.0-6.5) 0.03
Bone metastasis

Single 33 (53.2) 24 (72.7) Reference

Multiple 29 (46.8) 9(27.3) 2.34 (0.9-5.8) 0.06
Histology

Adenocarcinoma 36 (58.1) 20 (60.6) Reference

Non-adenocarcinoma 26 (41.9) 13 (39.4) 1.1 (0.4-2.6) 0.81
Staging

<lIlla 11 (18.6) 9 (28.1) Reference

Ib-V 48 (81.4) 23 (71.9) 1.7 (0.6-4.6) 0.30
LC Treatment

Surgery, Surgery+Chemo 7(11.3) 5(15.2) Reference

Chemo, radiotherapy, chemo + radiotherapy 47 (75.8) 27 (81.8) 1.2(0.343) 0.73

None 8 (12.9) 1(3.0) 5.7 (0.5-61.4) 0.15

SRE skeletal-related events, LC lung cancer, NSCLC non-small cell lung cancer, BMI body mass index, Chemo
chemotherapy, NA not applicable, OR odds ratio, C/ confidence interval

In italics, the statistically significant p values

sites of BM were at greater risk of experiencing SREs. These
associations are consistent with previous research on patients
with NSCLC [13, 30]. Sekine et al. [30] reported that having
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Table 4 Multiple analysis of factors associated with occurrence of
skeletal-related events following diagnosis of bone metastasis

OR 95 % CI p value
Smoking
Yes vs. No 6.8 1.3-33.0 0.01
Performance status
>2 vs. <2 34 12-93 0.01
Number of bone metastasis
Multiple vs. Single 33 1.1-99 0.03

OR odds ratio, CI confidence interval

multiple sites of BM was a risk factor for SREs in patients
treated with systemic chemotherapy. Sun et al. [13] reported
that lack of treatment with EGFR-TKI, poor performance sta-
tus (>2), non-adenocarcinoma disease, and being a current or
ex-smoker were independent risk factors for SREs. Smoking
has an independent effect on bone loss and increases the risk
of osteoporotic fractures [31, 32]. Decroisette et al. [14] de-
fined a SRE as a pathological fracture, spinal cord compres-
sion, or malignant hypercalcemia and, in contrast with this
study, found that the incidence of SREs was highest in patients
with good performance status; however, when radiotherapy or
surgery was included in the definition of an SRE, performance
status was no longer a predictor of SREs. Other studies of
patients with LC have demonstrated a positive association
between occurrences of SREs and having stage IV disease,
age<64 years, and male sex [19, 20]. In this study, we found
no associations between age, gender, or disease stage and

occurrence of SREs in patients with BM arising from NSCL
C, perhaps due to the small sample size.

SREs are the main complication associated with BM, but
their harmful association with survival has been controversial.
Two previous studies failed to find a statistically significant
difference between the survival time of patients with BM and
a history of SREs [11, 13]. However, in this study, overall
survival times were lower (p=0.03) for patients who experi-
enced SREs (4.6 months) than for patients with no history of
SREs (6.8 months). This finding is in line with other studies
[14, 16, 33].

This research has some limitations. The study included
only a small number of patients, which may have resulted in
type Il errors. As it was a “real-life study,” the criteria for BM
and SREs were those used by assistant doctors in the clinical
practice, with no standardization. In addition, patients might
not have been systematically investigated for hypercalcemia
during follow-up, which would have reduced the chances of it
being detected. The fact that this was a retrospective study,
based on the review of medical records, is an additional lim-
itation. Prospective studies of patients with NSCLC and BM
are necessary to improve our understanding of the incidence
of SREs and the relationship between different risk factors.

In conclusion, our findings suggest that patients with
NSCLC who have a poor performance status, a history of
smoking, or multiple BM sites are more likely to experience
SREs. Survival was worse overall in patients who suffered
SREs. The identification of factors associated with the devel-
opment of an SRE can be helpful for implementing early bone
targeting treatments to prevent SREs.
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