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Objectives: This retrospective study investigated prognostic factors in advanced non-small cell lung can-
cer (NSCLC) with bone-only metastasis, and developed a graded prognostic assessment (GPA) model to
estimate patient survival.
Methods: The primary endpoint was overall survival. We investigated the patients with advanced NSCLC
with bone-only metastasis at the initial diagnosis and diagnosed between 2013 and 2019 in our hospital.
A log-rank test and Cox proportional hazards model were used to examine factors. A GPA model was
developed in the training set based on the factors that were determined significant according to their
hazard ratios and verified by the validation set.
Results: We finally included 220 patients for analysis. These patients were divided into two groups, 147
cases for the training cohort and 73 for the validation cohort. The following were significant independent
prognostic factors, and were included in the GPA model: smoking; EGFR (epidermal growth factor recep-
tor) sensitive/ALK (anaplastic lymphoma kinase) mutations; loss of weight; hypoalbuminemia; and pri-
mary site treated by surgery or radiotherapy. GPA score of nil was assigned to smoking, without sensitive
mutations, loss of weight, hypoalbuminemia, and without local treatment of primary site; the corre-
sponding superior alternatives were scored 1.5, 2.0, 1.5, 1.5, and 1.5, respectively. The median survival
times of patients with GPA scores of nil to 3.0, 3.5 to 6.0, and 6.5 to 8.0 were 14.2, 29.5, and 56.6 months
in the training set (P < 0.001) and 15.2, 31.2, and 54.0 months in the validation set (P < 0.001).
Conclusion: The survival time of patients with NSCLC with bone-only metastasis was dramatically influ-
enced by the presence of the determined prognostic factors. The GPA model developed in this study may
be a useful clinical tool to estimate the life expectancy of these patients, and guide treatment.
� 2021 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Non-small cell lung cancer (NSCLC) is a common malignant
tumor, and accounts for 70% to 80% of all lung cancer cases world-
wide. The rates of morbidity and mortality are high [1]. At the time
of diagnosis, 70% to 80% of NSCLC cases are advanced [2], with a
common site of metastasis being the skeletal system (30%–40% of
cases) [3].

In NSCLC with skeletal metastasis, many factors may impinge
the patient’s quality of life and performance status, and can affect
overall survival (OS). These include epidemiological history, molec-
ular alteration, distribution of metastasis, major skeletal-related
events (SREs) at initial diagnosis, and disease progression [4,5].
Thus, the duration of survival of patients with bone metastasis
from NSCLC varies greatly. The optimal clinical treatment of these
patients should be based on life expectancy [6–9]. Predicting sur-
vival time is of great significance, but this estimation is compli-
cated by many variables.

Notably, SREs and prognosis are affected by metastatic spread
of NSCLC to sites other than bone, such as brain or liver [10]. Thus,
focusing on patients with bone-only metastasis (BOM) is best for
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studies of survival time in NSCLC with skeletal metastasis,
although this has rarely been considered. The present study inves-
tigated the demographic and clinical prognostic factors of patients
with advanced NSCLC with BOM, recorded at the initial diagnosis.
To guide physicians in estimating the survival time of these
patients, a graded prognostic assessment (GPA) model was
developed.
2. Materials & methods

2.1. Selection of study population

Data were retrospectively collected from the records of consec-
utive patients who received a diagnosis of advanced NSCLC in our
hospital from 2013 to 2019. Clinical staging of the disease was con-
ducted renewedly with reference to the eighth edition for tumor-
node-metastasis (TNM) classification [11], at the time of data col-
lection. The inclusion criteria in this study were: (1) a diagnosis of
NSCLC confirmed from pathological or cytological specimens, or
both; (2) evidences at bone metastasis confirmed by imaging
examinations, such as plain radiograph, CT, PET-CT, MRI and bone
scan, or a bone biopsy performed during surgery; (3) a data of gene
mutations status identified via next-generation sequencing; (4) did
not receive immunotherapy in the first-line. Patients were
excluded if they had second primary tumor; a site of metastasis
other than bone; without gene sequence result; or incomplete
medical records.
2.2. Definition of special concept

In this study, positively sensitive mutations (SM+) included:
EGFR (epidermal growth factor receptor) exon 19 deletion, EGFR
exon 21 Leu858Arg mutation, and ALK (anaplastic lymphoma
kinase) mutation. EGFR uncommon mutations, such as exon 18
mutations, exon 20 insertion mutations and so on, KRAS (kristen
rat sarcoma) mutation or without any mutation, were defined as
sensitive mutation negative (SM–).

The concept of GPA model was firstly proposed in brain metas-
tasis by Sperduto et al in 2008 [12]. In present study, we developed
a GPA model for NSCLC patients with bone-only metastasis by
referring to its strategy. The GPA was the sum of scores for five fac-
tors according to their hazard ratios in multivariate analysis (using
‘‘integer unchanged” and ‘‘the decimal place if < 0.5, counted as 0;
if greater than 0.5, counted as 0.5 ”method). Components of the
GPA were smoking (no or yes); EGFR sensitive/ALK mutations (pre-
sent or none); loss of weight (no or yes); hypoalbuminemia (no or
yes) and primary site treated by surgery or radiotherapy (yes or
no).
2.3. First-line systemic treatment strategy

All patients with EGFR non-sensitive mutations, KRAS mutation
or without mutation, underwent first-line chemotherapy after con-
firmation of the initial NSCLC diagnosis. The treatment included
platinum-based doublet chemotherapy such as pemetrexed, pacli-
taxel, docetaxel or gemcitabine combined with cisplatin, carbo-
platin, or nedaplatin. Each chemotherapy session was separated
by an interval of 3–4 weeks.

Patients with EGFR-sensitive mutations (exon 19 deletion, exon
21 Leu858Arg mutations) were administered first-line treatment
with EGFR tyrosine kinase inhibitors (TKIs), such as osimertinib,
gefitinib, erlotinib, and icotinib; or with chemotherapy mentioned
above and then TKIs after disease progression. All patients with
ALK mutation were administered first-line treatment with crizo-
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tinib or ceritinib, or with chemotherapy as aforesaid and then TKIs
after disease progression.

2.4. Data analysis and statistical considerations

OS was the primary endpoint, defined as the time from the date
of diagnosis until death or the last follow-up. The follow-up sched-
ule began from the time of treatment to the final follow-up on 28
September 2021. The data on the date of death or at the final
follow-up visit were acquired from hospital records or through
direct correspondence with the family of the patient. The chi-
squared test (or Fisher’s exact test as applicable) and
independent-samples T test were used to compare the clinical
characteristics and outcomes. The estimation of OS was performed
using the Kaplan-Meier method. The log-rank test was used to
compare the survival curves and to assess the significance. A mul-
tivariate analysis was conducted using the Cox proportional haz-
ards model to examine factors associated with increased hazard
of death. All P-values were two-sided, with P < 0.05 considered sta-
tistically significant. SPSS 24.0 software (IBM, IL, USA) was used to
perform the statistical analyses.
3. Results

3.1. Patient characteristics

Altogether, data were collected for 983 patients with advanced
NSCLC, who had been treated in our hospital from January 2013 to
December 2019. Among them were excluded 656, 72, 18, and 17
patients due to other-site metastasis, without gene sequence
results, with second primary tumors, and incomplete medical
records, respectively. Ultimately, 220 patients with NSCLC with
BOM fulfilled the inclusion criteria for this study. The demographic
and clinicopathological features of the patients were displayed in
Table 1.

The entire cohort was randomly divided into two groups, 147
cases in the training cohort and 73 cases in the validation cohort,
respectively. The patient characteristics in the two cohorts were
shown in Table 1. In the training set, the mean ± SD age of the
training set was 58.9 ± 9.62, and it ranged from 25 to 84 years.
Among them, 66 had no mutation; and 70, 6, 4, and 1 had EGFR-
sensitive mutations, EGFR non-sensitive mutation, ALK mutation
and KRAS mutation, respectively. After diagnosis, most patients
received a systemic antiresorptive treatment (about once a
month); either pamidronic acid (n = 100, 68.0%) or zoledronic acid
(n = 25, 17.0%). In addition, ten patients (6.8%) had a history of
immunotherapy.

3.2. Distribution of skeletal metastases

In this study population, there were 151 (68.6%), 69 (31.4%), and
43 (19.5%) patients with, respectively, multiple bone, a single bone,
and vertebral-only metastases (Table 1). By standard anatomical
definition, the axial skeleton consists of cervical vertebrae, thoracic
vertebrae, lumbar vertebrae, sacrum, coccyx, ribs, sternum, and
skull. The appendicular skeleton comprises the collar, hip bones,
and limb bones. In this study, 95 patients (43.2%) had axial skele-
ton only metastasis, and 34 (15.5%) had appendicular skeleton only
metastasis (Table 1). The most common site of bone metastasis
was the spine (65.5%, Table A1). The MST of patients with spine-
only metastasis, axial skeleton only metastases other than those
of the spine, and appendicular skeleton only metastasis was 35.6,
29.7 and 21.7 months, respectively (P = 0.075, Fig. A1). Although
not statistically significant, this seemed to mean that the more dis-
tal metastases to the spine, the worse the prognosis.



Table 1
Patient characteristics.

Characteristics All (N = 220) Training set (N = 147) Validation set (N = 73) P value
No. of patients (%) No. of patients (%) No. of patients (%)

Gender (male/female) 128/92 (58.2/41.8) 85/62 (57.8/42.2) 43/30 (58.9/41.1) 0.878
Age 59.4 ± 9.30 58.9 ± 9.62 60.4 ± 8.60 0.270
KPS score (<80/�80) 19/201 (8.6/91.4) 15/132 (10.2/89.8) 4/69 (5.5/94.5) 0.240
Smoking history 99 (45.0) 64 (43.5) 35 (49.7) 0.536
Loss of weight 47 (21.4) 35 (23.8) 12 (16.4) 0.209

Histopathological type 0.199
Adenocarcinoma 182 (82.7) 125 (85.0) 57 (78.1)
Non-adenocarcinoma 38 (17.3) 22 (15.0) 16 (21.9)

Gene alternation status 0.070
EGFR-sensitive mutations 97 (44.1) 70 (47.6) 27 (37.0)
ALK mutation 9 (4.1) 4 (2.7) 5 (6.8)
EGFR unsensitive mutations 15 (6.8) 6 (4.1) 9 (12.3)

KRAS mutation 2 (0.9) 1 (0.7) 1 (1.4)
No 97 (44.1) 66 (44.9) 31 (42.5)

T stage 0.597
T1 64 (29.1) 39 (26.5) 25 (34.2)
T2 88 (40.0) 59 (40.1) 29 (39.7)
T3 38 (17.3) 27 (18.4) 11 (15.1)
T4 30 (13.6) 22 (15.0) 8 (11.0)

N stage 0.012
N0-N1 69 (31.4) 38 (25.9) 31 (42.5)
N2-N3 151 (68.6) 109 (74.1) 42 (57.5)

Number of bone metastasis 0.733
Single 69 (31.4) 45 (30.6) 24 (32.9)
Multiple 151 (68.6) 102 (69.4) 49 (67.1)
Axial skeleton metastasis 184 (83.6) 124 (84.4) 60 (82.2) 0.683
Appendicular skeleton metastasis 125 (56.8) 85 (57.8) 40 (54.8) 0.669
Spine only metastasis 43 (19.5) 25 (17.0) 18 (24.7) 0.178
AXS-OM 95 (43.2) 62 (42.2) 33 (45.2) 0.669
APS-OM 34 (15.5) 22 (15.0) 12 (16.4) 0.776

Primary site treatment 0.217
Surgery 12 (5.5) 8 (5.4) 4 (5.5)
Radiotherapy 62 (28.2) 36 (24.9) 26 (35.6)
No 146 (66.4) 103 (70.1) 43 (58.9)

First-line treatment for SM+ patients 0.098
Icotinib 37 (16.8) 28 (19.0) 9 (12.3)
Gefitinib 11 (5.0) 10 (6.8) 1 (3.1)
Erlotinib 8 (3.6) 7 (4.8) 1 (3.1)
Osimertinib 1 (0.5) 1 (0.7) 0 (0)
Crizotinib 1 (0.5) 1 (0.7) 0 (0)
Ceritinib 1 (0.5) 0 (0) 1 (3.1)
Chemotherapy 47 (21.4) 27 (18.4) 20 (27.4)
Immunotherapy history 19 (8.6) 10 (6.8) 9 (12.3) 0.169
Antiresorptive drugs 182 (82.7) 126 (85.7) 56 (76.7) 0.096
ALP (U/L) 134.76 ± 95.32 135.75 ± 98.77 132.78 ± 88.57 0.828
White blood cell count (�109/L) 7.56 ± 2.44 7.57 ± 2.08 7.55 ± 3.06 0.955
Neutrophils (�109/L) 5.11 ± 2.16 5.17 ± 1.89 4.98 ± 2.62 0.554
Albuminemia (g/L) 41.56 ± 5.71 41.43 ± 4.17 41.80 ± 8.00 0.637
Calcium (mmol/L) 2.35 ± 0.13 2.35 ± 0.13 2.35 ± 0.12 0.699

KPS: karnofsky performance status; AXS-OM: axial skeleton only metastasis; APS-OM: appendicular skeleton only metastasis.
SM+: EGFR-sensitive mutations/ ALK mutation; ALP: alkaline phosphatase.
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3.3. Survival and prognostic factors of survival in the training set

In the training set, the median follow-up time was 31.9 months
(range, 24.4 to 125.9 months). The median OS was 29.5 months,
and the 1-, 3- and 5-year OS rates were 78.3, 41.3, and 18.2%,
respectively. For patients with single bone metastasis, the median
survival time (MST) was 31.2 months, and the 1-, 3-, 5-year sur-
vival rates were 73.9, 44.4, and 21.9%.

The univariate analysis included the following: gender, age,
smoking status, Karnofsky performance status scores, loss of
weight, histopathological type, gene mutation status, T stage, N
stage, number of bone metastases, alkaline phosphatase level, cal-
cium level, albuminemia level, white blood cell count level, neu-
trophil level, primary site treatment and antiresorptive drugs
treatment. The result showed that the following were significant
3

prognostic factors for OS: smoking status, loss of weight, gene
mutation status, T stage, serum albumin level and white blood cell
count level (Table 2). Then, the covariates with P < 0.1 from the
univariate analysis were further analyzed using a multivariate
Cox proportional hazards model. The multivariate analysis showed
that the following were significant prognostic factors for OS: smok-
ing; gene mutation status; loss of weight; serum albumin level;
and primary site treated by surgery or radiotherapy (Table 3).

3.4. Development and validation of graded prognostic assessment

A GPA model was developed using the training cohort based on
the 5 significant factors identified from the multivariate analysis,
according to their hazard ratios (Table 4). The GPA scores were
assigned as follows. Regarding smoking, patients who smoking



Table 2
Survival-related factors on OS in univariate analysis (Training set).

Factors MST (months) P value

Gender 0.271
Male 22.6
Female 34.5

Age 0.920
<65 31.2
�65 22.6

Smoking status <0.001*
Yes 17.0
No 35.6

KPS score 0.356
<80 35.6
�80 29.3

Loss of weight <0.001*
Yes 18.5
No 33.5

Histopathological type 0.141
Adenocarcinoma 31.2
Non-adenocarcinoma 14.7

Gene alternation <0.001*
SM+ 42.6
SM- 16.7

T stage 0.041*
T1-2 35.5
T3-4 17.8

N stage 0.391
N0-N1 31.3
N2-N3 29.3

Number of bone metastasis 0.377
<5 31.5
�5 21.4

ALP level 0.919
Normal 29.3

Elevated 32.4

Calcium level 0.621
Normal 29.3
Elevated 29.5

Albuminemia level 0.007*
Normal 42.6
Reduced 21.9

WBC level 0.042*
Normal 31.3
Elevated 14.2

Neutrophil level 0.318
Normal 29.9
Elevated 22.9

Primary site treatment status 0.073
Yes 36.4
No 28.2

Antiresorptive drugs treatment 0.818
Yes 31.2
No 28.3

Cutoff value for biological serum data: ALP: 125 U/L; Calcium: 2.35 mmol/L;
Albuminemia: 42.5 g/L; WBC: 10.0 � 10^9/L; Neutrophil: 6.3 � 109/L.
KPS: karnofsky performance status; ALP: alkaline phosphatase.
SM-: EGFR unsensitive mutations/KRAS mutation/no mutation.
SM+: EGFR-sensitive mutations/ALK mutation.
WBC: white blood cell.
*: p value < 0.05 considered statistically significant.
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received 0 point, and others were given a score of 1.5 points.
Patients with EGFR-sensitive mutations or ALK mutation received
2.0 points, and others without these mutations scored 0 points.
Patients with loss of weight received 0 point, and others were
scored 1.5 points. Patients with hypoalbuminemia received 0
point, and others were scored 1.5 points. Patients who experienced
4

local treatment to primary site received 1.5 point, and patients
who had not been treated were scored 0 points (Table 4). Ulti-
mately, patients in the training set were divided into 3 groups
according to the sum of their GPA score: nil to 3.0, 3.5–6.0, and
6.5–8.0 (Table 5). The MST of the 3 groups were 14.2, 29.5, and
56.6 months, respectively (P < 0.001; Fig. 1).

According to the above score criteria, the validation set patients
were also successfully divided into three groups and the MST of the
3 groups were 15.2, 31.2, and 54.0 months, respectively (P < 0.001;
Table 5 and Fig. 2).
3.5. Characteristics of SREs

At initial diagnosis or during the course of treatment, 104
patients (47.3%) experienced SREs. Seventy-three patients (33.2%)
underwent bone metastasis radiotherapy. Spinal cord compression
occurred in 22 patients (10.0%). There were 28 patients (12.7%)
with hypercalcemia, 8 patients (3.6%) with pathologic fracture,
and 8 (3.6%) underwent surgical treatment, respectively. Thus,
139 SREs were observed in the entire group. As it has been
reported that genetic mutations may had the potential to affect
the occurrence of SREs of patients with NSCLC bone metastasis
[10,13], therefore, a further analysis was performed to investigate
the difference between Group SM+ and Group SM–, but there was
no statistically significant difference regarding the incidence of
SREs (Table A2).
4. Discussion

In the current study, we established a GPA model to predict the
prognosis and estimate the life expectancy of advanced NSCLC
patients with BOM. A total of 220 cases were included, and 17
important prognosis factors that represent demographic, patholog-
ical, and treatment data were identified by conducting univariate
and subsequent multivariable analysis in the training set. Eventu-
ally, five significant independent prognostic factors included in the
GPA model were: smoking; EGFR-sensitive/ALK mutations; loss of
weight; hypoalbuminemia; and primary site treated by surgery or
radiotherapy. The validation showed that the GPA model is of
excellent discrimination ability with a P-value of < 0.001 in the
training set and the validation set.

Numerous factors which were reported that suggest a good
prognosis for lung cancer after bone metastasis were: an ECOG
(Eastern Cooperative Oncology Group) score of 1 or 2; no smoking;
EGFR sensitive mutations; single bone metastasis; good nutritional
status; and female gender [13–16]. The current result was in keep-
ing with previous studies—that no smoking, sensitive mutations,
normal albumin level, and without loss of weight are good inde-
pendent prognostic factors. Furthermore, local treatment of the
primary site was a significantly good prognostic factor. That may
be expected, as several prospective and retrospective clinical stud-
ies have shown that local consolidation therapy can improve the
outcome of patients, especially those at an oligometastatic status
[17–27].

As previously reported in bone-metastasis lung cancer, sys-
temic inflammation, as evidenced by leukocytosis or neutrophilia,
were associated with poor OS [16]. Nevertheless, these did not
remain significant in multivariate analysis, contrary to nutritional
parameters (serum albumin levels and weight change), which
may be related to the use of antiresorptive agents. In the setting
of bone metastatic lung cancer, systemic inflammation was mainly
due to increased tumor-induced bone resorption through the acti-
vation of a vicious circle between bone and metastases [28,29];
tumor cells produce inflammatory cytokines, such as interleukin-
1, interleurkin-6, transforming growth factor-b, and tumor necrosis



Table 3
Survival-related factors on OS in multivariate analysis (Training set).

Factors B value P value Hazard Ratio 95%CI

Smoking (yes vs. no) 0.568 0.009* 1.765 1.154 � 1.699
SM (- vs. + ) 0.763 0.001* 2.145 1.393 � 3.302
Loss of weight (yes vs. no) 0.649 0.005* 1.914 1.214 � 3.018
Albumin (reduced vs. normal) 0.506 0.019* 1.658 1.087 � 2.531
Primary site treatment status (no vs. yes) 0.589 0.015* 1.803 1.119 � 2.903

SM-: EGFR unsensitive mutations/KRAS mutation/no mutation; SM+: EGFR-sensitive mutations/ALK mutation.
*: p value < 0.05 considered statistically significant.

Table 4
Score of significant survival factors (Training set).

Factors Subgroup Score Hazard Ratio

Smoking No 1.5 1.765
Yes 0

SM + 2.0 2.145
– 0

Loss of weight No 1.5 1.914
Yes 0

Albumin Normal 1.5 1.658
Reduced 0

Primary site treatment status Yes 1.5 1.803
No 0

SM-: EGFR unsensitive mutations/KRAS mutation/no mutation.
SM+: EGFR-sensitive mutations/ALK mutation.
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factor-a that promote formation and activation of osteoclasts lead-
ing to bone destruction [30]. This vicious cycle can be inhibited by
antiresorptive agents and these parameters were subsequently
improved [31–33]. Hence, nutrition may reflect the initial health
status for patients with bone-only metastases who represent a
specific group.

Chambard and colleagues once reported that patients with a
weight bearing bone involvement had a higher risk of death than
others [16]. In this study, we found that the more distal metastases
to the spine, the worse the prognosis (P = 0.075). It may suggest
that appendicular skeleton metastasis, compared with other
metastasis distribution status, significantly affect the patient’s
daily activities, quality of life, and bone metabolism, such as blood
calcium and dickkopf-related protein 1, and thus further affecting
survival.

Ideally the optimal clinical treatment (such as dose or fre-
quency of radiotherapy, or surgery), should be based on the
patient’s expected survival time [7–9]. Several scoring systems
for evaluating life expectancy have been proposed for this purpose
[14,34,35]. For example, Tokuhashi et al. [34] developed a system
to guide decisions regarding surgical intervention for spinal metas-
tasis. The 6 parameters that were considered in their assessment
system were: general condition; number of extraspinal bone
metastases; number of metastases in the vertebral body; metasta-
sis to major internal organs (lungs, liver, kidneys, and brain); pri-
mary site of the cancer; and the severity of spinal cord palsy
[34]. Katagiri et al. [35] proposed a prognostic scoring system for
Table 5
Score and survival of different groups.

Subgroup Score Training set

No. patients MST (months)

Group A 6.5 to 8.0 32 56.6
Group B 3.5 to 6.0 66 29.5
Group C nil to 3.0 49 14.2

MST: median survival time.
*: p value < 0.05 considered statistically significant.

5

general skeletal metastasis that relied on the type of primary can-
cer, whether the metastasis is visceral or cerebral, normality of lab-
oratory data, performance status, previous chemotherapy, and
presence of multiple skeletal metastases. In addition, a scoring sys-
tem for bone metastasis from lung cancer, based on significant
prognostic factors (gender, ECOG score), was developed by Pruk-
sakorn et al [14].

On the one hand, the above scoring systems included many
types of primary cancer, or metastasis of other sites, or both. On
the other hand, the evaluation scale was not anymore valid since
the pathology does not refer to mutated status. So, we recognized
a need for a scoring system that is specific for patients with NSCLC
with BOM based on molecular markers. In present study, patients
in the training set were divided into 3 groups by GPA score (nil
to 3.0, 3.5 to 6.0, and 6.5 to 8.0) and the MST were 14.2, 29.5,
and 56.6 months, respectively (P < 0.001). Similarly, in the valida-
tion set, patients could be significantly stratified (P < 0.001). Since
48.2% patients with sensitive mutations (SM+; which included
EGFR-sensitive mutations and ALK mutation) who could benefit
from targeted therapy and many patients with oligometastases in
our study, it prolonged survival.

With regard to the influence of bone metastasis on survival,
most attention has been given to SREs, which impair quality of life
and are understood to affect survival directly or indirectly [4,5]. In
the present study, 47.3% patients experienced SREs, which is sim-
ilar to other reports [5,10,13,15,36]. The retrospective study by
Lagana et al. [10] revealed that, compared to the historical record,
patients with NSCLC with bone metastasis and EGFR mutated dis-
ease, and treated with TKIs, were at high risk to develop SREs.
While, according to a retrospective study by Sun et al. [13], the
absence of TKI therapy for bone metastatic NSCLC patients who
had EGFR-sensitive mutations was an independent risk factor of
developing SREs throughout the disease course. In the present
study, we investigated differences in SRE incidence in our popula-
tion according to EGFR/ALK mutation status. Curiously, the results
showed that there was no statistically significant difference
between the SM+ and SM– groups. One possible reason is that only
patients with BOM were included.
5. Limitations

There are several limitations to this analysis. Most importantly,
due to its retrospective nature, the bone metastatic status was
assessed by non-homogeneous imaging techniques which had
Validation set

P value No. patients MST (months) P value

<0.001* 16 54.0 <0.001*
25 31.2
32 15.2



Fig. 1. Survival curves of the different groups in the training set. MST: median survival time; OS: overall survival.

Fig. 2. Survival curves of the different groups in the validation set. MST: median survival time; OS: overall survival.
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the different diagnosis capacity. Secondly, we were lacking of some
data, such as C-reactive protein, cachexia, sarcopenia, and KRAS
mutation status which were essential to survival. Thirdly, treat-
ments were also inconsistent, which may influence survival.
Finally, this study was based on the experience of a single institu-
tion, and the number of patients was limited. Further studies
involving larger samples are needed to confirm these findings.
6. Conclusions

The prognosis of patients with advanced NSCLC with BOM at
initial diagnosis is significantly influenced by smoking, EGFR-
sensitive/ALK mutations, loss of weight, hypoalbuminemia and pri-
mary site treated by surgery or radiotherapy. A GPA model was
developed in this study to guide physicians when estimating sur-
vival time for these patients.
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