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Abstract

Background: The purpose of the present study was to characterize the prevalence, associated factors, and to
construct a nomogram for predicting bone metastasis (BM) with different histological types of lung cancer.

Patients and methods: This study was a descriptive study that basing on the invasive lung cancer patients
diagnosed between 2010 and 2014 in Surveillance, Epidemiology, and End Results program. A total of 125,652 adult
patients were retrieved. Logistic regression analysis was conducted to investigate homogeneous and
heterogeneous factors for BM occurrence. Nomogram was constructed to predict the risk for developing BM and
the performance was evaluated by the receiver operating characteristics curve (ROC) and the calibration curve. The
overall survival of the patients with BM was analyzed using the Kaplan—-Meier method and the survival differences
were tested by the log-rank test.

Results: A total of 25,645 (20.9%) were reported to have BM, and the prevalence in adenocarcinoma, squamous cell
carcinoma, small cell lung cancer (SCLC), large cell lung cancer (LCLC), and non-small cell lung cancer/not
otherwise specified lung cancer (NSCLC/NOS) were 24.4, 12.5, 24.7, 19.5 and 19.4%, respectively, with significant
difference (P < 0.001). Male gender, more metastatic sites and lymphatic metastasis were positively associated with
BM in all lung cancer subtypes. Larger tumor size was positively associated with BM in all the lung cancer subtypes
except for NSCLC/NOS. Poorly differentiated histology was positively associated with adenocarcinoma, squamous
cell carcinoma and NSCLC/NOS. The calibration curve and ROC curve exhibited good performance for predicting
BM. The median survival of the bone metastatic lung cancer patients was 4.00 (95%Cl: 3.89-4.11) months. With

the increased number of the other metastatic sites (brain, lung and liver metastasis), the survival significantly
decreased (p < 0.001).
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Conclusion: Different lung cancer histological subtypes exhibited distinct prevalence and homogeneity and
heterogeneity associated factors for BM. The nomogram has good calibration and discrimination for predicting

BM of lung cancer.

Keywords: Lung cancer, Metastasis, SEER, Screening

Background

Lung cancer is the most common carcinoma and the lead-
ing cause of cancer death globally [1]. Patients with meta-
static disease continue to exhibit a poor prognosis [2].
Bone metastasis (BM) was reported to occur in 15-40% of
lung cancer patients. The median survival time of patients
with BM was reported to be less than one year [3-5].

Early diagnosis and intervention in patients with BM
could significantly influence the survival rate of patients
[6, 7]. However, the Lung Cancer National Comprehen-
sive Cancer Network (NCCN) screening guidelines do
not recommend performing routine assessment or con-
tinued reassessment for BM by skeletal imaging in
asymptomatic patients [8]. Previous studies reported a
series of associated factors for BM, which provided the basis
for predicting the BM risk [9, 10]. To promptly perform
metastatic screening, a predictive nomogram based on the
clinicopathologic features of lung cancer is warranted.

With the development of tumor homogeneity/hetero-
geneity theory, different histological types of lung cancer
are now recognized to exhibit distinct prevalence of BM
[4, 11]. We also believe that different histological types
of lung cancer are associated with different factors for
BM occurrence. Further study identifying the homoge-
neous and heterogeneous BM associated factors could
help physicians to specifically identify the BM risk for
different types of lung cancer and tailor targeted pre-
ventive treatment strategies.

The purpose of the present study was to characterize
the prevalence and associated factors for BM in patients
with different histological types of lung cancer using the
Surveillance, Epidemiology, and End Results (SEER)
database. Meanwhile, the clinical factor based nomo-
gram was built to predict the BM risk and potentially
guide the BM screening.

Methods

Ethnics statement

Cancer is a reportable disease in every state of the United
States. The data in the SEER database does not require in-
formed patient consent. The present study was complied
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. This study used
previously collected deidentified data, which was deemed
exempt from review by the Ethics Board of the Tianjin
Medical University Cancer Institute and Hospital.

Data source

It was a population based descriptive study and the data
were abstracted from the SEER 18 registries research
database, comprising approximately 30% of the total US
population. As the data for metastatic sites of bone, liver,
lung and brain were not collected until 2010, lung can-
cer patients who were diagnosed between 2010 and 2014
were included in the present study. SEER*Stat Software
version 8.3.4 (https://seer.cancer.gov/seerstat/) (Informa-
tion Management Service, Inc. Calverton, MD, USA)
was used to generate the case listing.

Cohort selection

The inclusion criteria were as follows: (1) aged 18-79
years; (2) diagnosed as the first and only malignant can-
cer; (3) only one primary site; (4) American Joint Com-
mittee on Cancer (7th edition) stage I-III; and (5)
diagnosis not obtained from a death certificate or an aut-
opsy. Patients diagnosed before 2010 were excluded be-
cause the SEER did not record BM data until 2010. The
lung cancer was histologically classified as adenocarcinoma,
squamous cell carcinoma, small cell lung cancer (SCLC),
large cell lung cancer (LCLC) and non-small cell lung can-
cer or not otherwise specified lung cancer (NSCLC/NOS)
based on the International Classification of Diseases for
Oncology, 3rd Edition codes. The flow-chart for the popu-
lation selection was shown in Fig. 1.

Statistical analysis

Quantitative data were described as mean + standard de-
viation (SD) and the difference between groups were
analysed by student’s t-test. Categorical data was pre-
sented as number and the percentage (N, %). Pearson
chi-square test was used to evaluate the difference be-
tween categorical variables. The univariable and multi-
variable logistic regression model were conducted to
determine the associated factors of BM by different
histological types of lung cancer. Factors with a P-value
less than 0.05 were incorporated into the multivariable
regression model. The final model selection was per-
formed by a backward step-down selection process using
the Akaike information criterion.

A nomogram was also formulated based on the results
of multivariable logistic analysis using the rms package in
R version 3.4.1 (R Foundation for Statistical Computing,
Vienna, Austria; www.r-project.org). The performance of
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SEER 18 Registries Database
Diagnosed with lung and bronchus cancer
between 2010 and 2014 (N=125,652)
Adenocarcinoma Squamous SCLC LC NSCLC/NOS
(N=54,957) (N=27,435) (N=18,795) (N=2,308) (N=22,157)
Excluded Excluded Excluded Excluded Excluded

Metastatic sites unknown (N=659)
Tumor size unknown (N=8,492)
Histological type unknown (N=18,968)

Lymphatic metastasis unknown (N=339)

Metastatic sites unknown (N=279)
Tumor size unknown (N=3,360)
Histological type unknown (N=8,098)

Lymphatic metastasis unknown (N=149)

Metastatic sites unknown (N=229)
Tumor size unknown (N=4,684)

Lymphatic metastasis unknown (N=272)

Metastatic sites unknown (N=22)
Tumor size unknown (N=310)

Lymphatic metastasis unknown (N=39)

Metastatic sites unknown (N=312)
Histological type unknown (N=10,504)

Lymphatic metastasis unknown (N=248)

N=26,499

N=15,549

Excluded Excluded
Bone metastasis blank Bone metastasis blank
(N=173) (N=93)

‘ N=1,937 ‘

‘ N=11,093 ‘

N=26,326 N=15,456

small cell lung cancer/not otherwise specified

N=13,610
Excluded Excluded Excluded
Bone metastasis blank Bone metastasis blank Bone metastasis blank
(N=148) (N=31) (N=82)
N=13,462 ’ N=1,906 ‘ ‘ N=11,011

Fig. 1 Flow-chart for different histological types of lung cancer patients selection. SCLC = small cell lung cancer; LC = large cell; NSCLC/ NOS = non-

the nomogram was evaluated by the receiver operating
characteristics (ROC).

To evaluate the calibration of the nomogram, a regres-
sion smoothing method was used to produce the calibra-
tion plots by bootstrapping with 1000 resamples, where
the relationship between the observed and predicted
probabilities of BM was described graphically.

Randomly splitting and the temporal splitting method
were used to evaluate the stability of the nomogram. An
ROC curve was constructed to evaluate the performance of
the construction and validation model, and the difference
in the aura under the curve (AUC) was tested by DeLong’s
test. Statistically significant levels were two-tailed and set at
P < .05. Statistical analyses were performed using the statis-
tical Package for the Social Sciences (SPSS) version 23.0
software package for Windows (SPSS, Inc.).

The overall survival of the lung cancer patients with
bone metastasis were analyzed using the Kaplan—Meier
method and the survival difference between different
metastatic sites, treatment regimens of surgery, radiother-
apy and chemotherapy were tested by the log-rank test.

Results

Patient characteristics

The study consisted of 125,652 patients, including
54,957 (43.7%) cases of adenocarcinoma, 27,435 (21.8%)

of squamous cell carcinoma, 18,795 (15.0%) of SCLC,
2308 (1.8%) of LCLC and 22,157 (17.6%) of NSCLC/
NOS lung cancer patients. Among them, 67,216 (53.5%)
were male, and 58,436 (46.5%) were female, mean age
was 64.84 + 9.17 years (Table 1).

Prevalence of BM

After excluding the patients with unknown BM informa-
tion, 25,645 (20.9%) were reported to exhibit BM. When
stratified by histological subtype, the prevalence of BM
in adenocarcinoma, squamous cell carcinoma, SCLC,
LCLC, and NSCLC/NOS were 24.4, 12.5, 24.7, 19.5 and
19.4%, respectively. The prevalence rates of BM in
adenocarcinoma and SCLC were higher than those in
the other lung cancer histological types (P <0.001), and
the prevalence of BM in squamous cell lung cancer was
lowest among all types (P<0.001) (Additional file 1:
Table S1).

Univariable logistic regression analysis

Advanced age [odds ratio (OR) =0.81; 95% confidence
interval (CI): 0.79-0.83; P<0.001] and insured status
(OR =0.79; 95% CI: 0.74—0.85; P < 0.001) were negatively
associated with BM. However, male gender (OR =1.27;
95% CI: 1.23-1.31; P <0.001), race (OR =1.06; 95% CI:
1.03-1.08; P < 0.001), married status (OR = 0.95; 95% CI:
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Table 1 Distribution of demographic and clinical information on different histological types of lung cancer

Factors Total population Adenocarcinoma  Squamous SCLC LC NSCLC/NOS
(N=125652; 100.0%) (N=54957;43.7%) (N=27435218%) (N=18795 150%) (N=2308;1.8%) (N=22,157;17.6%)
N % N % N % N % N % N %
Bone metastasis
No 97,246 774 40,639 739 23,571 859 13,780 733 1812 785 17,444 78.7
Yes 25,645 204 13,110 239 3377 12.3 4521 241 440 19.1 4197 189
Unknown/Blank 2761 22 1208 22 487 1.8 494 26 56 24 516 24

Age (years)

18-45 3237 26 1647 30 317 1.2 287 1.5 67 29 919 4.1
46-65 57,701 459 26,423 48.1 10,789 393 9184 489 1172 50.8 10,133 457
> 65 64,714 515 26,887 489 16,329 59.5 9324 496 1069 463 11,105 50.1
Sex
Female 58436 46.5 27,645 50.3 9833 358 9337 49.7 968 419 10,653 48.1
Male 67216 53.5 27312 49.7 17,602 64.2 9458 503 1340 581 11,504 519
Race
White 99,978 79.6 41,865 76.2 22,446 81.8 16,235 86.4 1862 80.7 17,570 793
Black 16,274 130 7576 1338 3538 129 1792 95 342 148 3026 13.7
Asian or Pacific Islander 8393 6.7 5090 9.3 1213 44 618 33 88 38 1384 6.2
Indian/Alaska Native 669 05 248 0.5 178 0.6 124 0.7 10 04 109 05
Unknown/Blank 338 03 178 03 60 02 26 0.1 6 03 68 03
Marital status
Unmarried 20,801 16.6 9125 16.6 4423 16.1 2977 15.8 418 18.1 3858 174
Married 99,001 788 43,246 787 21,727 79.2 15,027 80.0 1815 786 17,186 776
Unknown/Blank 5950 46 2586 47 1285 47 791 42 75 32 113 50
Household income
< 50,000% 42,788 34.0 16,295 29.7 10,897 39.7 7630 406 916 397 7050 318
50,000-80,000% 73,494 58.5 33,810 61.5 14,878 54.2 10,097 53.7 1256 544 13453 60.7
> 80,000$ 9362 7.5 4848 8.8 1657 6.0 1068 57 136 59 1653 7.5
Unknown/Blank 8 0.0 4 0.0 3 0.0 0 0.0 0 0.0 1 0.0

Insurance status

Uninsured 5090 40 2243 4.1 946 34 832 44 113 49 956 43
Insured 118,612 944 51,877 944 26,105 95.2 17,679 941 2161 936 20,790 938
Unknown/Blank 1950 16 837 15 384 14 284 15 34 15 411 19

Metastatic sites

0 site 81,989 65.3 35,126 63.9 21,447 78.2 9376 499 1433 62.1 14,607 66.0
1 site 31,981 254 14,275 260 4669 170 6944 36.9 642 278 5451 246
2 sites 8845 70 4234 7.7 902 33 1982 105 190 82 1537 6.9
3 sites 1336 1.1 663 1.2 138 05 264 14 21 09 250 1.1
Unknown/Blank 1501 12 659 12 279 1.0 229 1.2 22 1.0 312 14
Tumor size
<2cm 16,948 135 8691 15.8 2557 93 1613 86 289 125 3798 17.1
2-5cm 52,309 416 25,207 459 11,149 406 5982 318 914 396 9057 409
5-10cm 31,367 250 11,076 20.2 9191 335 5349 285 649 28.1 5102 230
>10cm 4173 33 1166 2.1 1065 39 1047 56 135 58 760 35

Unknown/Blank 20,855 16.6 8817 16.0 3473 12.7 4804 256 321 139 3440 155
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Table 1 Distribution of demographic and clinical information on different histological types of lung cancer (Continued)

Factors Total population Adenocarcinoma  Squamous SCLC LC NSCLC/NOS
(N=125652;100.0%) (N=54957;43.7%) (N=27435;218%) (N=18795;150%) (N=2308;1.8%) (N=22,157;17.6%)
N % N % N % N % N % N %
Histological type
Well differentiated 6855 55 3970 72 530 19 27 0.1 3 0.1 2325 10.5
Moderate differentiated 20,707 16.5 11,145 20.3 7428 271 45 0.2 22 1.0 2067 93
Poor differentiated 32932 262 14,570 265 9470 345 1688 9.0 780 338 6424 290
Undifferentiated 4332 34 300 05 167 06 2748 146 493 214 624 28
Unknown/Blank 60,826 484 24,972 454 9840 359 14,287 76.0 1010 438 10,717 484
Lymphatic metastasis
NO 43,173 344 20,357 370 10,536 384 2521 134 784 340 8975 40.5
N1 10,881 87 4659 85 2839 103 1319 70 210 9.1 1854 84
N2 48,818 389 19,706 259 10,220 373 10,315 549 898 389 7679 34.7
N3 18,747 14.9 8311 15.1 3255 11.9 4029 214 347 15.0 2805 12.7
Unknown/Blank 4033 3.1 1924 35 585 2.1 611 33 69 30 844 38

Abbreviations: SCLC small cell lung cancer, LC large cell, NSCLC/ NOS non-small cell lung cancer/not otherwise specified

0.92—-0.99; P = 0.005), household income (OR = 1.07; 95%
CI: 1.05-1.10; P < 0.001), more metastatic sites (OR = 2.74;
95% CI: 2.69-2.80; P<0.001), larger tumor size (OR =
1.29; 95% CI: 1.27-1.32; P<0.001), poor histological dif-
ferentiation (OR = 1.70; 95% CI: 1.65—-1.75; P < 0.001), and
more lymphatic metastasis (OR = 1.61; 95% CI: 1.59-1.63;
P <0.001) were positively associated with BM.
Additionally, diverse histological subtypes of the lung
cancer exhibit a differential risk for developing BM.
Compared with adenocarcinoma, squamous cell carcinoma
(OR = 0.44; 95% CI: 0.43-0.46), LCLC (OR =0.75; 95% CL:
0.68-0.84) and NSCLC/NOS (OR=0.75; 95% CIL: 0.72—
0.78) were negatively associated with BM, whereas SCLC
exhibited no difference in the risk of BM relative to adeno-
carcinoma (OR = 1.02; 95% CI: 0.98-1.06). Moreover, sub-
group analysis suggested that the associated factors for
bone metastases were not consistent across all the histo-
logical subtypes of lung cancer (Additional file 2: Table S2).

Multivariable logistic regression analysis

When conducting multivariable logistic regression ana-
lysis, the patients with unknown or missing information
concerning sex, metastatic site, tumor size, histological
type and lymphatic metastasis were excluded. Finally,
68,161 patients with lung cancer were included (Fig. 1).
For all the lung cancer patients, multivariable logistic re-
gression suggested male gender, histological differenti-
ation, more lymphatic metastasis, and lung cancer
subtype were independent factors associated with BM
(Additional file 3: Table S3). When stratified by the
histological subtypes of lung cancer, results revealed that
male gender, more metastatic sites, larger tumor size,
poor histological differentiation and more lymphatic me-
tastasis were all positively associated with BM in

adenocarcinoma. The associated factors and OR with
95% CI for squamous cell carcinoma, SCLC, LCLC and
NSCLC/NOS lung cancer are presented in Table 2.

Different lung cancer histological subtypes exhibited
homogeneity and heterogeneity for the factors associated
with bone metastases. Male gender, more metastatic
sites and more lymphatic metastasis were positively as-
sociated with bone metastases among all lung cancer
histological subtypes. However, larger tumor size was
not associated with BM in NSCLC/NOS. Poorly differ-
entiated histology was positively associated with adeno-
carcinoma, squamous cell carcinoma and NSCLC/NOS
lung cancer but not with SCLC or LCLC (Fig. 2).

Performance of the nomogram for predicting BM

The prediction nomogram that integrated all significant
factors for BM in different lung cancer histologic types
is presented in Fig. 3. The calibration curve revealed
good agreement between the predicted and observed
probabilities for BM in different histological types of
lung cancer. Moreover, the ROC curve of the nomogram
exhibited good discrimination for predicting BM, and
the AUC of the nomogram in adenocarcinoma, squa-
mous cell carcinoma, SCLC, LCLC and NSCLC/NOS
lung cancer were 80.3% (95% CIL: 79.6-80.9%), 78.1%
(95% CI: 76.8-79.4%), 70.8% (95% CI: 69.8-71.8%),
75.1% (95% CIL: 72.3-77.8%) and 80.2% (95% CI: 79.2—
81.3%), respectively.

Validation of the nomogram

For adenocarcinoma of lung cancer, the random splitting
method revealed that the AUC values for the construc-
tion and validation model were 80.2% (95% CI: 79.4—
81.1%) and 80.2% (95% CI: 79.0-81.4%), respectively,
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Table 2 Multivariable logistic regression for analyzing the bone metastases associated factors in different histological types of lung

cancer
Variable Patients, N. Entire cohort
No Bone  Bone Adenocarcinoma Squamous SCLC LC NSCLC/NOS
mi;:;tam mf;;ﬂa% OR P-value OR P-value OR P-value OR P-value OR P-value
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Sex
Female 46,496 10,752 ref 1.0 ref 10 ref 1.0 ref 1.0 ref 1.0
(47.8) (41.9)
Male 50,750 14,893 124 <0001 132 <0001 133 <0001 132 0.042 137 <0.001
(52.2) (58.1) (1.15-1.34) (1.15-1.51) (1.23-1.45) (1.01-1.72) (1.21-1.55)
Metastatic sites
0 site 71,363 10,192 ref 1.0 ref 10 ref 1.0 ref 1.0 ref 1.0
(73.3) (40.0)
1 site 21,085 10,071 3.39 <0.001 398 <0.001 295 <0.001 287 <0.001 334 <0.00°
(21.7) (39.6) (3.11-3.70) (3.47-4.57) (269-3.23) (2.16-3.81) (1.91-3.82)
2 sites 4339 4331 647 <0001 822 <0.001 555 <0001 623 <0.001 529 <0.001
4.5) (17.0) (5.68-7.36) (6.40-10.54) (4.89-6.30) (4.22-9.21) (4.34-6.45)
3 sites 439 868 12.08 <0001 1364 <0.001 757 <0.001 597 0.001 10.38 <0.001
0.5) (34) (8.65-16.87) (7.73-24.08) (5.57-10.29) (2.02-17.62) (6.73-16.01)
Tumor size
<2cm 14,785 1996 ref 1.0 ref 1.0 ref 1.0 ref 1.0 ref 1.0
(17.7) (10.0)
2-5¢cm 41463 10,122 1.83 <0.001 166 0.001 142 <0.001 128 0.28 NS NS
(49.7) (51.0 (1.60-2.11) (1.23-2.25) (1.22-1.65) (0.82-2.00)
5-10cm 23,894 6859 1.99 <0.001 195 <0.001 138 <0.001 152 0.07 NS NS
(28.7) (34.6) (1.72-2.31) (1.44-2.64) (1.19-1.61) (0.97-2.40)
>10cm 3210 875 155 <0.001 1.86 <0001 135¢ 0.004 161 0.13 NS NS
(3.9 (4.4) (1.21-2.00) (1.26-2.73) 1.10-1.66) (0.87-2.97)
Histological type
Well differentiated 6441 372 (4.1)  ref 1.0 ref 1.0 ref 1.0 ref 1.0 ref 1.0
(11.8)
Moderate 18,285 2149 149 <0.001 081 0.31 NS NS NS NS 231 < 0.001
differentiated (334) (23.6) (1.27-1.75) (0.53-1.22) (1.61-3.32)
Poor differentiated 26,632 5681 152 <0001 126 027 NS NS NS NS 465 <0.001
(48.7) (62.4) (1.30-1.78) (0.84-1.88) (3.36-6.42)
Undifferentiated 3315 (6.1) 909 (100) 1.80 <0.001 205 ( 0.03 NS NS NS NS 456 <0.001
(1.24-262) 1.07-3.92) (3.10-6.70)
Lymphatic metastasis
NO 38,449 4325 ref 1.0 ref 1.0 ref 1.0 ref 1.0 ref 1.0
(40.4) (17.8)
N1 8708 1985 177 <0.001 182 <0.001 130 0.013 229 0.001 1.99 <0.001
9.2 8.2 (1.53-2.05) (1.45-2.29) (1.06-1.61) (1.41-3.70) (1.59-2.50)
N2 35,358 12,297 339 <0001 3.07 <0001 185 <0001 289 <0001 239 <0001
(37.2) (50.6) (3.07-3.75) (261-3.61) (1.60-2.13) (2.05-4.08) (2.04-2.80)
N3 12,635 5682 392 <0001 323 <0.001 256 <0.001 294 <0.001 296 <0.001
(13.3) (23.4) (3.46-4.45) (2.62-3.99) (2.20-2.99) (1.94-4.45) (243-361)

SCLC small cell lung cancer, LC large cell, NOS not otherwise specified, NSCLC non-small cell lung cancer, NS not significant

with no significant difference (D =0.03; P=0.97)
(Fig. 4a). The nomogram for predicting BM was also
stable in squamous cell carcinoma (D =0.67; P=0.50),
SCLC (D=-0.37; P=0.71), LCLC (D=1.16; P=0.25)
and NSCLC/NOS (D = 1.14; P = 0.25) (Fig. 4b-e).

Temporal splitting analysis suggested that the AUC
in the adenocarcinoma model to predict BM was
79.7% (95% CI: 78.9-80.5%), which was significantly

lower than 280.9-83.8%) for patients diagnosed in
2014 (D=-3.21; P=0.001) (Fig. 4f). However, there
was no difference between the constructed and valid-
ation model for predicting BM in squamous cell car-
cinoma (D =1.23; P=0.22), SCLC (D =-1.26; P=0.21),
LCLC (D =-0.32; P=0.75) or NSCLC/NOS (D =-1.77;
P=0.08), suggesting the stability of the predictive
nomogram (Fig. 4g-j).
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Male gender

More Metastatic sites

More Lymphatic metastasis

Fig. 2 Homogeneous and heterogenous associated factors of bone metastasis in different histological subtypes of lung cancer. Factors of male
gender, more metastatic sites and more lymphatic metastasis in the right pentagon were the homogeneous associated factors for bone metastasis for
all the lung cancer subtypes. The factors listed in the angle exhibited the specific factors that associated with each histological lung cancer subtype

Survival analysis for patients with BM

The median survival of the bone metastatic lung cancer
patients was 4.00 (95%CI: 3.89-4.11) months. When
stratified by different histological types, the median sur-
vival time for adenocarcinoma, squamous cell carcin-
oma, small cell lung cancer (SCLC), large cell lung
cancer (LCLC), and non-small cell lung cancer/not
otherwise specified lung cancer (NSCLC/NOS) were
5.00 (95%CI: 4.83-5.17), 3.00 (95%CI: 2.80-3.20),
6.00(95%CIL:  5.72-6.29), 3.0 (95%CI: 2.47-3.53) and
3.0(95%CI: 2.80-3.21) months, respectively with signifi-
cant difference (p <0.001) (Fig. 5a). Additionally, results
also showed with the increased number of the other meta-
static sites (brain, lung and liver metastasis), the survival
significantly decreased, and the median survival for 0, 1 2
and 3 metastatic sites were 5.00 (95% CI: 4.82-5.18),
4.00(95% CI: 3.84-4.16), 3.00 (95% CIL: 2.77-3.23) and
3.00 (95% CI: 2.64—3.37) months, respectively (Fig. 5b).

Discussion
The present study utilized the SEER database and deter-
mined the prevalence and associated factors for BM in

patients with different histological types of lung cancer.
Meanwhile, the quantitative prediction nomogram for
different histological types of lung cancer were built.

BM was less frequent in squamous cell carcinoma.
However, adenocarcinoma and SCLC exhibited an asso-
ciation with BM, and adenocarcinoma accounted for
more than 50% of all the lung cancer patients with BM,
a finding that is partly consistent with a hospital-based
study [12]. Based on the large population data set pro-
vided by SEER, the present study further concluded that
small cell lung cancer and lung adenocarcinoma exhibit
higher risks of BM than do the other histological sub-
types. Previous studies reported similar results. After
evaluating 413 patients who were diagnosed with lung
cancer, Oliveira et al. found that adenocarcinoma was
associated with a higher risk for developing BM, whereas
squamous cell cancer was associated with a lower risk of
BM [9]. Another study also reported that the most com-
mon histological type accompanied by BM was adeno-
carcinoma [4]. A high prevalence of BM in lung cancer
and different BM prevalence rates across various histo-
logical subtypes may partly reflect the homogeneity and
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Fig. 3 The predicting nomogram for bone metastasis in different histological subtypes of lung cancer and the curves for evaluating the
calibration of each nomogram. a-e: nomogram for predicting the risk for developing bone metastasis of the adenocarcinoma, squamous cell
carcinoma, small cell lung cancer, large cell lung cancer, and non-small cell lung cancer/not otherwise specified lung cancer, respectively. f-j:
calibration curve for estimating the predictive accuracy for bone metastasis of the nomogram in adenocarcinoma, squamous cell carcinoma,
small cell lung cancer, large cell lung cancer, and non-small cell lung cancer/not otherwise specified lung cancer, respectively

heterogeneity of lung cancer. Additionally, a cancer
registry-based study conducted in Sweden reported that
the prevalence of BM in adenocarcinoma was approxi-
mately 39%, which was higher than our results. Moreover,
although BM was most prevalent among adenocarcinoma,
SCLC exhibited a significantly lower prevalence of BM
(25%) than did the other lung cancer subtypes, a finding
that was different from ours [13]. Accordingly, the homo-
geneity and heterogeneity of lung cancer may differ ac-
cording to ethnicity.

In the present study, we also found that different lung
cancer histological subtypes exhibited homogeneity and
heterogeneity with respect to the factors associated with
BM. Regarding homogeneity, we identified three metastatic
associated factors for all types of lung cancer: male gender,
extrapulmonary metastatic site and lymphatic metastasis.

Among the present cohort, male gender was an associ-
ated factor for BM, a finding that was independent of
the clinical features of lung cancer. To our knowledge,
this is the first report describing sex as a risk factor for
BM in lung cancer patients. Lung cancer, unlike breast
cancer, is a non-hormone-dependent tumor. The reason
that sex may significantly influence metastasis in non-
hormone-dependent tumors remains unknown. Further re-
search to determine potential explanations is needed.

The number of metastatic sites was also reported to be
one of the metastatic associated factors for all types of
lung cancer. According to our analysis, an increase in
the number of metastatic sites was associated with an in-
creased prevalence of BM in lung cancer patients. At the
same time, for all histological subtypes, a higher grade of
lymphatic involvement was associated with an increasing
prevalence of BM in lung cancer patients. The afore-
mentioned homogeneous associated factors may help in
the surveillance of BM in lung cancer patients. Thus,
physicians should focus on their lung cancer patients
with these associated factors.

The advantages of early metastasis detection are as fol-
lows: 1) less toxic therapy [14, 15]; 2) SREs can be pre-
vented through timely bone-targeted therapy [16]; and
3) improved performance status after therapy [17]. Thus,
prompt metastatic screening is necessary. To make an
early diagnosis and improve the survival rate of cancer
patients, efforts have been made to identify the optimal
screening time and method. In the latest studies, bone
biomarkers and breast osteoblast-like cells were identified
as potential strategies for clinical metastatic screening and

early diagnosis [18, 19]. However, the aforementioned strat-
egies require extra techniques and equipment support,
which may decelerate the process of clinical screening ap-
plication. Imaging remains a reliable and accepted strategy
for metastatic screening and early diagnosis [20]. To pre-
vent unnecessary radiation exposure and cost, in the
present study, a histological type-based prediction nomo-
gram was constructed. A quantitative metastatic risk
could be generated utilizing the patient’s sex, lymph node
metastasis, extrapulmonary metastatic site number, histo-
logical differentiation, and tumor size. We concluded that
physicians could perform metastatic screening for their
lung cancer patients with a high BM risk.

Inevitably, the present study has several limitations.
First, in the present study, only the presence/absence of
BM based on the initial diagnosis was analyzed. Disease
recurrence or subsequent sites of disease were not pro-
vided in the SEER database. Thus, the actual rate of BM
in patients with lung cancer might be underestimated.
Second, the information on performance status, smoking
status, blood type, and body mass index were not pro-
vided in the SEER database, which may affect the preci-
sion of the predictive nomogram. Third, the present
predictive nomogram lacked external validation, more
studies are needed in future. Fourth, the site of BM was
not recorded in the SEER database, thus it cannot be
further identified or analyzed in the study.

Conclusions

Despite the limitations, the present study provided
insight into the epidemiology of BM in patients with
newly diagnosed lung cancer, as recorded by the SEER
database. The prevalence of BM in lung cancer was
20.9% and different lung cancer histological types
showed homogeneous associated factors (male gender,
more metastatic sites and more lymphatic metastasis)
and heterogeneous associated factors (tumor size and
histology differentiation) for BM. The median survival of
the bone metastatic lung cancer patients was relatively
low. The histological types significantly affect the me-
dian survival time of the lung cancer patients with BM.
The nomogram has good performance for predicting
the BM development in different histological types of
lung cancer and the imaging of the skeletal system
should be considered to lung cancer patients with a
high BM risk.
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Fig. 4 Internal validation of the stability of the predicting nomogram for different histological subtypes of lung cancer. a-e: randomly splitting
method for evaluating the nomogram stability in adenocarcinoma, squamous cell carcinoma, small cell lung cancer, large cell lung cancer, and
non-small cell lung cancer/not otherwise specified lung cancer, respectively. f-j: temporal splitting method for evaluating the nomogram stability

in adenocarcinoma, squamous cell carcinoma, small cell lung cancer, large cell lung cancer, and non-small cell lung cancer/not otherwise
specified lung cancer, respectively
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