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A B S T R A C T

Background: This study identifies the overall survival status of lung cancer patients with bone metastasis and
metastasis patterns. Poor prognostic factors were identified to develop a scoring system for estimating survival
period after bone metastasis.
Methods: A retrospective cohort analysis was performed at Chiang Mai University for the period January 1, 2006
and December 31, 2013. Time-to-event analysis was performed to estimate survival rate. The primary end point
was death related to lung cancer. Univariate and multivariate analysis of the prognostic variables was done using
the Cox's regression model. The score was derived from the corresponding estimated regression coefficients of
significantly poor prognostic factors.
Results: A total of 505 lung cancer with bone metastasis patients were analyzed. Four hundred two cases (79.6%)
were concurrent diagnosis and 103 (20.4%) were subsequent diagnosis. The median survival time of lung cancer
after bone metastasis 148 days. Male gender and ECOG 3–4 were significant poor prognostic factors for lung
cancer after bone metastasis, with hazard ratios of 1.42 (95% CI 1.17–1.73), and 1.30 (95% CI 1.06–1.60),
respectively. Prognosis score was determined using the binary term present/not-present for those factors. The
curve from prognostic score summations of 2, 1 and 0 presented a good discrimination of survival expectancy,
showing an expected median survival time of approximately 109, 146, and 225 days, respectively.
Conclusions: Prognostic score is a clinically simple and easy method for estimating life expectancy and for
guiding interventions in bone metastasis of lung cancer.

1. Introduction

Lung cancer is the most prevalent type of cancer and the leading
cause of cancer-related death worldwide [1,2], and is the most common
cancer in the Thai population [3]. The skeletal system is one of the
common sites for lung cancer metastasis. The presentation of skeletal
related events (SREs) during the course of treatment impairs the quality
of life and decreases performance status which indirectly affects overall
survival [4]. Bone metastasis is usually under-diagnosed in lung cancer

patients because the sensitive investigation often is only recommended
after the appearance of clinical signs [5]. The frequency of SREs is likely
to increase as survival rates improve with new treatment modalities
[6,7]. The increasing number of surgical interventions [8] and with the
introduction of other medical agents are helping prevent complications
from bone metastasis [9]. Therefore, optimal treatment becomes a
major concern which involves weighing in the balance the risks from
treatment and quality of life over the remaining survival period.

Survival estimation is one of the critical steps which determine the
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direction of management for SREs. Under and over estimation can lead
to under treatment or overly aggressive intervention, respectively.
Stable fixation of limbs and decompressive spine surgery can help im-
prove ambulatory ability and overall performance status and can in-
crease the opportunity for further treatment either with chemotherapy
or with other targeted therapies. The question is whether post-operative
recovery and/or complications from intervention will on balance be a
benefit or not for the remaining survival time. There are several sur-
vival estimating system introduced for optimizing between invasive
surgical interventions and remaining survival time in bone metastases.
Those scores derived from several types of cancer which have different
patterns of metastasis, the prognostic ability might not be able to work
properly in bone metastases of lung cancer patients who have a very
short expected survival time.

The biology of the disease and accessibility of treatment plays an
important role in determining the metastasis of cancers and the survival
patterns of patients. There is limited data on survival rates and bone
metastasis patterns in lung cancer among Thai people. This study
identified the overall survival of lung cancer after bone metastasis, as
well as other important characteristics and bone metastasis patterns.
Poor prognostic factors were identified and a scoring system was de-
veloped to estimate the survival period after bone metastasis. That
scoring system can assist survival estimates which affect skeletal man-
agement decisions and efforts to maintain quality of life in a palliative
care program.

2. Material and methods

2.1. Data sources

Retrospective analysis was performed on 505 patients with lung
cancer and bone metastasis treated at Chiang Mai University Hospital
between 1 January 2006 and 31 Dec 2013. This study was approved by
Ethical committee of Faculty of Medicine, Chiang Mai University (EC-
ORT-10AVG010294). Data source was reviewed from “Chiang Mai
Cancer Registry” which is the categories B qualification following
International Agency for Research on Cancer (IARC) classification
system [10]. Related clinical courses including skeletal-related events
and ECOG scores were obtained from the Digicard system at Chiang Mai
University Hospital. Laboratory results and radiography details were
obtained from Suandok Medical Informatics (SMI) and the Chiang Mai
University-Picture Archive Communication (CMU-PAC) system.

All patients with lung cancer were treated by multi-disciplinary
teams including oncologists, pulmonologists, radiologists, pathologists,
orthopedic surgeons, and thoracic surgeons. Computed tomography
(CT) of the chest was performed in all cases to evaluate lung mass,
mediastinal lymph nodes and metastatic lesions. CT brain and bone
scans were performed in symptomatic patients, e.g., bone pain, head-
ache or neurological deficits, cases of suspected brain metastasis, and
those first presenting with advanced disease (at least stage IIIA).
Surgical treatment included anatomical resection (sublobar resection,
lobectomy or pneumonectomy) with systematic mediastinal lymph
node dissection or sampling in stage I, II, some stage IIIa, and palliative
resection in advanced disease cases. ECOG score was used to evaluate
the status of all patients. Cisplatinum-based doublet chemotherapy was
used in cases of neo-adjuvant, adjuvant, and first-line metastatic dis-
ease. Single agents were used for some second and third-line metastasis.
The regimens and doses of chemotherapy followed National
Comprehensive Cancer Network (NCCN) guidelines.

2.2. Study flow and definition of parameters

Lung cancer patient records with International Classification of
Disease for Oncology (ICD-O) code C34 (lung cancer) and lung cancer
with bone metastasis were retrieved from the Cancer Registry of Chiang
Mai University. Patient code C34 were sourced with Skeletal-related

events (SREs) by ICD-10 code: secondary malignant neoplasm of bone
and bone marrow (C79.5), pathological fracture (M84.XX), spinal cord
compression (G95.2), hypercalcemia (E83.5), palliative care (Z51.5),
and ICD-9 code: operation on bone (78.XX), reduction of fracture and
dislocation (79.XX), decompressive laminectormy (03.09), radiation
procedure (92.24) and (92.29). The date of lung cancer diagnosis was
defined as the date of tissue diagnosis. The primary end point was death
from disease with a cutoff of 31 December 2015. Date of bone metas-
tasis was defined as either 1) the date of lung cancer diagnosis in pa-
tients who initially presented with SREs or who had radiographic evi-
dence of bone metastasis (concurrent diagnosis) or 2) the date of
radiographic evidence with or without clinical presentation after lung
cancer had been diagnosed (subsequent diagnosis). The primary end
point of bone metastasis was death from disease with a cutoff of 31
December 2015. Laboratory parameters and performance score were
recorded within 14 days before or after the date of diagnosis of bone
metastasis.

2.3. Statistical analysis

Time-to-event analysis was performed using the Kaplan-Meier curve
to estimate the median survival time and overall survival rate of pa-
tients with lung cancer after bone metastasis. Differences in survival
rates from the Kaplan-Meier curve for each variable were analyzed
using the log-rank test. Univariate and multivariate analysis was per-
formed using the Cox's regression model and STATA version 10.1 to
identify poor prognostic factors. Variables with a p-value less than 0.1
were selected for further multivariate analysis. Scores were derived
from the corresponding estimated regression coefficients of the poor
prognostic factors. Scores were then rounded off to the nearest integer
to develop a prognostic score [11]. The prognostic score was calculated
by adding scores for individual factors and estimated survival using the
Kaplan-Meier method.

3. Results

3.1. Demographic data and survival rates

There were 505 cases of diagnosed bone metastasis of which 402
(79.6%) were concurrent and 103 (20.4%) were subsequent diagnoses
(cut off time was 30 days after lung cancer had been diagnosis). In
subsequent diagnosis group, the median time of SREs presented on 129
days after lung cancer was diagnosed, and interquartile range was
57–280 days. Predominate group was male gender 328 (64.9%). The
median survival time of lung cancer patients after bone metastases was
148 days, and the 1-, 3-, and 5-year overall survival rates was 25.3%,
7.5%, and 4.1% respectively (Fig. 1). Adenocarcinoma was the common
pathology found in lung cancer with bone metastasis 310 (61.4%),
squamous cell, small cell, large cell, and others was 131 (25.9%), 30
(5.9%), and 3 (0.6%), respectively.

3.2. Prognostic factors of cancer related-deaths in lung cancer patients with
bone metastasis

Potential prognostic factors of outcomes were analyzed for 505
cases of bone metastasis using the log-rank test. General health condi-
tion and associated underlying conditions were weighed as potential
prognostic factors for survival rate. However, the study failed to iden-
tify any statistically significant association between those factors and
survival rate (Table 1). Three factors were identified as borderline and
significantly prognostic factors for poor outcomes based on univariate
analysis (p< 0.1): gender, ECOG score of 3–4, non-small cell histology
subtype. Multivariate analysis identified only two significant poor
prognostic factors: male gender, ECOG score of 3–4 (Table 2). Kaplan-
Meier curves of the significant prognostic factors are shown in Fig. 1;
the hazard ratio of each factor is presented in Table 2.
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3.3. Prognostic score development

The estimated regression coefficients (natural logarithm of the ha-
zard ratio) of significant poor prognostic factors were multiplied by four
and rounded off to the nearest integer. Values for male gender, and
ECOG 3–4 were 0.351, and 0.260 which were transformed into 1.35,
and 1.0 then rounded off to 1, and 1, respectively (Table 2). Each score
was coded as a binary term, either present or not present, for the fac-
tors. The possible summation scores for an individual case were thus 0,
1, and 2.

3.4. The range of survival rate of prognostic scores

Prognostic scores were calculated by summing individual poor
prognostic factor scores in the same cohort. The estimated median
survival curve presented good discrimination when the prognostic
scores were categorized into three groups (Table 3 and Fig. 2A-B).
Scores of 2 represented a significantly different expected time com-
pared to scores of 1 and 0. However, there was no significant difference
in life expectancy between prognostic scores of 1 and scores of 0
(Table 3).

4. Discussion

Lung cancer is considered to be a fast progressing disease with a
short latency period after clinical diagnosis. Cancer cells are capable of
infiltrating and colonizing remote organs including bone, contralateral
lungs and the brain simultaneously [12]. Most of the bone metastases in
this series (79.6%) were found concurrently at the time of diagnosis
which is the main pattern of bone metastasis in lung cancer. In our
population, male gender, and ECOG score 3 or 4, were significant poor
prognostic factors after bone metastasis. On the other hand, previous
studies have found that performance status 0 or 1, single bone metas-
tasis and presentation with EGFR mutation were good prognosis for
lung cancer after bone metastasis [13,14]. Current results agree with
previous study that the performance status of patient plays the most
important role. Performance status represented physical fitness of in-
dividual to perform selfcare, daily and physical activity [15] and it
becomes the strong prognostic factor than any others particularly in
very short survival expectancy as lung cancer. However, an evaluation
has been performed subjectively and less reliable therefore the sig-
nificant result shown in the group of obviously good (ECOG 0–1) for
good prognostic factor or poor (ECOG 3–4) for poor prognostic factor.

Male gender plays important role in both an increased risk for SREs
from previous studies [16,17] and poor prognosis after bone metastasis
in this study. Female gender has been studied as the independent good
prognosis for a better survival in non-small cell lung cancer [18]. Re-
cent reviews of gender indicate that males have a higher susceptibility
to cigarette smoking-attributable lung cancer than females [19]. The

Fig. 1. Kaplan-Meier curve showing survival pattern of lung cancer after bone metastasis, and the significant poor prognostic variables (gender and ECOG).

Table 1
The differences of survival patterns for each variable analyzed by log-rank test.

Variable Number (%) 3-M
survival
(%)

6-M
survival
(%)

1-Y
Survival
(%)

p-value

Total 505 (100) 64.5 44.7 25.3 –
Gender
Female 177 (35.1) 69.9 52.7 35.9
Male 328 (64.9) 61.7 40.3 19.6 0.008*

Age of bone
metastasis

< 60 year 264 (52.3) 64.5 44.2 25.6
≥ 60 year 241 (47.7) 64.5 45.1 25.0 0.892

ECOG score
ECOG 0–2 364 (72.1) 66.4 47.4 26.3
ECOG 3–4 141 (27.9) 59.7 37.6 22.8 0.026*

Histology
diagnosis

Small cell 30 (5.9) 62.3 32.0 10.7
Non-small
cell

475 (94.1) 64.7 45.4 26.0 0.098*

Type of SREs
Other
symptoms

427 (84.5) 64.6 46.0 25.4

Parapariasis 78 (15.5) 63.9 36.8 25.0 0.407
Site of bone

metastasis
Single 150 (29.7) 64.7 48.6 26.0
Multiple 355 (70.3) 64.5 43.0 25.0 0.692

Extraosseous
metastasis

No 354 (70.1) 67.9 46.6 25.4
Yes 151 (29.9) 56.7 40.1 25.1 0.286

Creatinine level
< 1.4 mg/
mL

333 (87.9) 66.6 47.9 28.5

≥ 1.4 mg/mL 46 (12.1) 58.4 40.4 17.9 0.311
Hematocrit

level
< 34% 175 (45.7) 69.0 48.5 29.9
≥ 34% 208 (54.3) 64.4 46.2 24.5 0.243

Albumin level
≥ 3.4 mg/mL 155 (30.7) 60.9 44.3 28.7
<3.4 mg/
mL

193 (38.2) 72.4 51.7 26.2 0.399

AST level
< 60 mg/mL 315 (62.4) 75.8 48.3 28.7
≥ 60 mg/mL 34 (6.7) 76.5 41.2 20.6 0.231

ALT level
< 31 mg/mL 263 (52.1) 67.7 49.0 28.9
≥ 31 mg/mL 87 (17.2) 61.8 42.9 24.2 0.455

Serum calcium
level

< 9.2 mg/
mL

161 (31.9) 60.5 47.7 29.6

≥ 9.2 mg/mL 141 (27.9) 65.2 46.9 24.0 0.268
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exact pathophysiology is still not clear, although there are several hy-
potheses, e.g., gender differences in baseline exposure to environmental
pollution [20], the tendency of males to inhale more deeply than fe-
males, gender differences in consuming cigarettes with lower tar and
nicotine yields [21], or differences in genetic susceptibility to the me-
tabolites of tobacco carcinogens between males and females [22,23].

In this study, we could not find any significant different of survival
expectation between single and multiple bone metastasis.
Misclassification between two groups due to the reliability of evalua-
tion might be the main problem of this parameter since sensitive in-
vestigation have not been recommended routinely for initial staging
process [24]. As accessibility of targeted therapy in the Thai population
has been low during the recent period, therefore this parameter was not
included in the analysis.

Several survival estimated systems have been used for optimizing
invasive procedures during palliative care in metastasis patients.
Tokuhashi et al. introduced a system of survival estimation for guiding
decisions regarding surgical intervention for spine metastases [25]. The
Tokuhashi score is computed based on grouping primary cancers by
behavior, number of metastasis sites, association with extraosseous
metastasis, and neurological level [25]. Although the system is sug-
gestive of actual survival in a good prognosis group, it is less accurate
for patients with an estimated survival of less than 12 months [26].
Tomita et al. introduced a scoring system which relies on only three
factors (type of cancer, site of metastasis, and association with other
organ metastases) which has a predictive ability similar to the Toku-
hashi score [27,28]. Katagiri et al. developed a predictive score for
general bone metastasis which relies on the type of primary cancer,
whether the metastasis is visceral or cerebral, performance status,
previous chemotherapy, and multiple skeletal metastases [11]. Those
scores were derived based on many types of primary cancer which
presented wide spectrum. Since this study focused only lung cancer
which have a similar metastasis pattern, the result found that other
prognostic factor including visceral of cerebral metastasis, number of
skeletal metastasis did not play role for prognosis in very short survival
of lung cancer.

This study included only lung cancer patients with bone metastasis
in deriving a prognostic score. The prognostic ability was good, parti-
cularly in a very short survival group presenting a high cumulative
score (score=2: average 3.5 month). The discriminatory ability of the
scores is clearly seen in the survival curve over a narrow survival period
range. With those patients, any surgical intervention should be avoided,
however non-invasive ablation for pain control and temporary splinting
would be recommended. Surgical intervention for the intermediate

survival expectancy (score=1: averaged 5 months) and long survival
expectancy (score=0: averaging 7.5 month) would normally be aimed
at maintaining their performance status, and preventing secondary
SREs which had been reported to occur around 26.9% of bone metas-
tasis in lung cancer [29]. The limitation of this study is that the group of
EGFR mutations and treatment were not analyzed. The scoring system
appeared to work well for estimating survival period under similar
patterns of survival rate and health care. This scoring system, however,
still requires further validation.

5. Conclusions

Bone metastasis from lung cancer comprises the major group of
palliative care patients because lung cancer is the leading form cancer
in Thailand. Bone metastases are frequently found concurrent with a
diagnosis of advanced stage, which indicates a short survival time. Male
gender and performance 3–4 status plays role in poor prognostic factors
after bone metastasis. Prognostic scores deriving based on only lung
cancer is clinically simple and easy to use to estimate life expectancy.
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Table 2
Multivariate analysis of prognostic factors and predictive scores.

Variables Regression coefficient Standard error Hazard Ratio 95% CI p-value Score

Gender
Female Reference 0
Male 0.351 0.101 1.42 1.166–1.729 >0.001 1

ECOG
0–2 Reference 0
3–4 0.260 0.104 1.30 1.056–1.591 0.013 1

Histological subtype
Small cell Reference
Non-small cell 0.035 0.207 1.42 0.945–2.131 0.091 –

Table 3
Discriminatory ability of predictive scores and range of survival periods.

Summation of scores Number (%) Median time survival: Q1-Q3 (Days) 95% CI p-value 95% CI p-value

0 120 (23.8) 225: 66–566 Reference – – –
1 301 (59.6) 146: 60–346 1.153–1.830 0.002 Reference –
2 84 (16.6) 109: 45–223 1.357–2.468 >0.001 0.975–1.616 0.078
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