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Abstract

protective. Early osteoporosis screening in these patients is recommended.

ascertain the factors linked with bone metastases.

INTRODUCTION

Bone metastasis is the leading cause of mortality in
patients with lung cancer. Approximately 30% of lung
cancer patients develop bone metastasis during treatment
[1]. Approximately 50% of these patients inevitably
develop bone pain, pathological fractures, bone marrow
damage, and other skeletal events within one month of
the onset of bone metastases. This significantly impacts
the quality of life and increases the risk of death [2].
Consequently, identifying risk factors and understanding
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This retrospective study explored osteoporosis-bone metastasis association in newly diagnosed lung cancer. 400 subjects underwent LDCT+QCT for osteoporosis diagnosis;
survival and Cox analyses were used. Precancer osteoporosis (HR=3.30, P<0.01) increased bone metastasis risk and shortened its onset time, while surgery (HR=0.31, P<0.01) was

Aim: Opportunistic osteoporosis screening in China is more cost-effective when using low-dose chest CT (LDCT) combined with quantitative computed tomography technology
(QCT). We retrospectively investigated the association between osteoporosis and bone metastasis in patients with newly diagnosed lung cancer.

Materials: Four hundred healthy individuals underwent LDCT screening, which was ultimately confirmed through histological and cytological diagnosis. QCT post-processing
software was used to examine the trabecular bone volume density (vBMD), and osteoporosis was diagnosed according to the diagnostic criteria for osteoporosis by the American
Society of Radiology using QCT imaging. Kaplan-Meier survival analysis was used to assess survival time, and Cox proportional hazards regression analysis was employed to

Results: COX univariate and multivariate regression analyses revealed that newly diagnosed lung cancer patients with osteoporosis (HR, 3.30; 95% Cl, 1.90- 5.73; P<0.01)
and surgery (HR, 0.31; 95% Cl, 0.17- 0.57; P <0.01) were associated with a difference in the risk of bone metastasis. Compared to individuals without precancerous osteoporosis
and surgery, the median time for the development of bone metastasis was shorter for those with precancer osteoporosis and those without surgery (median time to bone metastasis
development, 35 months; 95% Cl, 26-NA months; 44 months; 95% Cl, 31-NA months; P <0.01).

Conclusions: Newly diagnosed lung cancer with osteoporosis is associated with a risk of bone metastasis and accelerated progression of bone metastasis. Our findings highlight
the need for early identification of osteoporosis among newly diagnosed lung cancer patients.

the pathogenesis of bone metastasis in lung cancer, early
detection of high-risk patients, aggressive management of
bone metastasis, and decreasing the mortality rate among
lung cancer patients are clinically significant.

Currently, the “seed-soil” hypothesis remains
applicable in elucidating the mechanism underlying the
migration of tumor cells from the primary site to the target
organ [3]. The seeds could be tumors or specific cancer
stem cells [4]. Simultaneously, soil refers to substances
that supply energy for the metastasis of tumor cells, such
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as bone marrow adipocytes and adipocytokines. Fernndez
et al. [5], indicated that the original tumor cells modified
the plasticity of bone marrow mesenchymal cells, creating
a pre-metastatic niche for the invasion and proliferation of
lung cancer bone metastasis in the bone. The accumulation
of bone marrow adipocytes increases with age, intensifying
age-related inflammation and deteriorating bone health
due to alterations in the bone marrow microenvironment,
leading to bone density loss [6]. It remains unclear
whether the plasticity of bone marrow mesenchymal cells
induces secondary changes in the bone microenvironment
or whether age-related osteoporosis and changes in the
bone microenvironment offer a fertile "soil” for tumor cell
metastasis.

Assessment techniques for osteoporosis mainly
include dual-energy X-ray absorptiometry, MRI bone
microstructure imaging, and QCT [7]. Researchers are
increasingly utilizing low-dose CT in conjunction with QCT
to assess bone mineral density as part of opportunistic
osteoporosis screenings. Compared with traditional
osteoporosis technology, LDCT opportunistic screening
for osteoporosis is twice as effective as dual-energy X-ray
absorptiometry. It can detect early osteoporosis in men

[8].

In this study, we utilized LDCT data for opportunistic
osteoporosis to investigate the association between
osteoporosis and progression to bone metastasis in
patients with newly diagnosed lung cancer.

METHODS
Study design

The data was from a large-scale data study carried
out through QCT and LDCT of the chest in the check-
up population. Chest LDCT is primarily utilized for lung
cancer screening. The vBMD is acquired by integrating
the data of chest LDCT with QCT technology. The patients
with suspected lung cancer, as indicated by the LDCT
data and ultimately diagnosed with lung cancer through
pathological and histological examinations at the hospital
were included. The vBMD of lung cancer patients was
measured by QCT technology. Eventually, 400 lung cancer
patients were included in this study, among whom 74
patients had osteoporosis concurrently at the time of lung
cancer diagnosis Figure 1. We received approval from
the local ethics committee (Ethical Approval Number:
2021 Aaron trial Examination No. (68)). The study was
conducted per the Declaration of Helsinki. The exclusion
criteria were the following: (1) bone metastases in newly
diagnosed lung cancer patients; (2) imaging data indicating
a previous presence of metal implants in the lumbar spine;
(3) patients were lost to follow-up.

Diagnose witl

Lung cancer patients Lung cancer patients
with osteoporosis without osteoporosis
(n=74) (n=326)

Figure 1 Flow diagrams of the study.

LDCT scanning

All LDCT scans were conducted using a 64-slice CT
machine (Lightspeed, General Electric, US) for helical
scanning, whichwasindependently performedbyradiology
scanning technicians. The scanning parameters of the
vertebral body were tube volt-age 120KV, tube current
100mA, slice thickness 1 mm, scanning field of view 500
mmx 500 mm, and matrix 512 x 512. Image reconstruction
was performed using standard reconstruction algorithms.
The scanning data were saved in the Picture Archiving and
Communication System (PACAS) system of the radiology
department in Digi-tal Imaging and Communications in
Medicine (DICOM). Data and the image were transmitted
to the QCT image workstation at the same time.

Measurement of bone density

All vBMD measurements were performed in QCT Pro
(Mindways Software, inc, Austin, TX, USA) by trained
professionals in QCT image analysis or by radiologists
with more than three years of experience. Image analysis
and scanning were performed on the same day, and LDCT
scan data were imported in DICOM format. The data were
converted to QCT format by processing with QCT Pro. The
CT images were browsed at the coronal level, excluding
images ofthoracolumbarmetalimplants. The measurement
process includes: (1) Analysis of the coronal screenshot
of the reconstructed image of the T12-L2 three vertebral
bodies, with browsing in three different dimensions and
selection of any two of the T12-L2 vertebral bodies for
placement sense. (2) The system automatically calculates
the average bone mineral density of the two vertebral
bodies while avoiding areas with severe bone hyperplasia,
bone islands, and low-density areas running along the
central groove of the vertebral body. (3) QCT-assessed
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bone mineral density values are chosen as average spine
bone mineral density values. According to previous studies
and the applicability of the Chinese population, this study
was based on the American College of Radiology’s QCT
diagnostic criteria, and a bone mineral density value less
than 80 mg/cm3 was diagnosed as osteoporosis [9].

The European Spine Phantom (ESP No 145) was used to
perform 10 repeated localization scans on Lightspeed VCT
before the start of this study. The scan sequence was a low-
dose chest CT lung cancer screening scan sequence. A QCT
calibration phantom scan was performed after the scan.
We ensured quality control by using the European cross-
calibration of the spine phantom and the QCT calibration
phantom.

Clinical and biochemical exam data

The attending physician of the oncology department
consulted the clinical medical record system of our hospital
to obtain information on patients with lung cancer.

We collected the patient's socio-demographic
information, including age, sex, smoking (never, ever,
now), alcohol consumption (never, ever, now), drug use,
diabetes history, and chronic obstructive pulmonary
disease. We also consulted the medical records to obtain
the serum albumin and alkaline phosphatase levels of the
lung cancer patients when they were diagnosed with lung
cancer.

The treatment and follow-up of patients with lung
cancer followed the global lung cancer guidelines. Regular
imaging examinations were used to evaluate the curative
effect during the treatment and follow-up. We evaluated
the occurrence and location of bone metastases by routine
imaging, including 99-Tc-MDP ECT/CT/MRI. We used ECT
positivity as the diagnostic standard for bone metastasis.
When CT or MRI showed bone destruction and there
was no ECT examination, we invited two physicians with
more than 15 years of experience in nuclear medicine for
consultation. When the two nuclear medicine physicians
agreed on a diagnosis of bone metastasis, we accepted
that conclusion. The study outcome was defined as the
progression to bone metastasis or the end of the follow-
up period for patients with lung cancer. The time from
the diagnosis of lung cancer to the occurrence of bone
metastasis was recorded as the time of bone metastasis.

Statistics

The statistical analysis was conducted using the
Statistical Package for the Social Sciences (SPSS), version
23.0. The descriptive analysis involved calculating the
median and range (expressed as P50 (P25-P75)) for

quantitative data and frequency for qualitative variables
(expressed as n (%)). We conducted the Kruskal-Wallis
test on the sample, the Pearson Chi-square test was used
to compare qualitative variables, and the Wilcoxon test
was used for quantitative data. To study the risk factors
for bone metastases in lung cancer patients, a univariate
analysis was performed using Cox regression, followed by
a multivariate analysis with the variables that achieved
a (P<0.01) . The overall survival analysis was conducted
using the KaplanC-Meier method, and the log-rank test was
employed to compare survival between groups. A p-value
of less than 0.05 is considered statistically significant.
Survival analysis and forest plot drawing are completed
using R version 4.1.1.

Ethical approval declarations

1. Approval: We received approval from the local ethics
committee (Ethical Approval Number: 2021 Aaron trial
Examination No. (68)).

2. Accordance: The study was conducted per the
Declaration of Helsinki, and the methods were carried out
in accordance with the relevant guidelines and regulations.

3. Informed consent: Since the study involved
secondary analysis of existing imaging data from subjects,
all participants were exempted from the requirement of
pro-viding informed consent in accordance with the ethical
guidelines of the People’s Hospital of Henan Province.

RESULTS

We recruited 400 lung cancer patients who underwent
opportunistic screenings for osteoporosis using LDCT
scans atthe hospital Table 1. Seventy-four newly diagnosed
lung cancer patients had osteoporosis, while the others
did not. The clinical characteristics, including BMI, sex,
smoking, drinking, diabetes mellitus, TNM Classification
(pN), COPD, chemotherapy, and radiation therapy, were
similar between the newly diagnosed lung cancer patients
with and without osteoporosis (all P > 0.05). However, age
was significantly higher in newly diagnosed lung cancer
patients with osteoporosis than in freshly diagnosed lung
cancer patients without osteoporosis (P<0.01). There were
differences between newly diagnosed lung cancer patients
with and without osteoporosis in terms of serum albumin,
surgery, and other therapies (all P<0.05).

In the univariate analysis, factors such as other
therapies, diabetes mellitus, surgery, serum albumin, and
osteoporosis were significant for bone metastases(all
P <0.05). In multivariate analysis, surgery (HR 0.31,
95%CI 0.17-0.57, P <0.01) and osteoporosis (HR 3.30,
95%CI 1.90-5.73, P <0.01) were identified as significant
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Table 1: Baseline Characteristics of Lung Cancer Patients with and Without Osteoporosis

Characteristics

Total (N)

Lung Cancer Without Osteoporosis

Lung Cancer With

Test Statistic

P Value

(N=326) Osteoporosis (N=74)
Sex 400 x*=0.10 0.752
Male - 196/326 (60.12%) 43/74 (58.11%)
Female - 130/326 (39.88%) 31/74 (41.89%)
Age, years 400 F=56.43 0.013
Median (IQR) - 61.00 (54.00-64.08) 68.00 (65.00-71.08)
Range - 29.00-85.00 50.00-80.00
BMI, kg/m2 400 F=0.58 0.45
Median (IQR) - 23.40 (21.20-25.80) 23.05 (21.59-24.81)
Range - 13.80-34.80 13.70-33.40
Smoking 400 x*=061 0.742
Never - 170/326 (52.15%) 40/74 (54.05%)
Now - 75/326 (23.01%) 14/74 (18.92%)
Ever - 81/326 (24.85%) 20/74 (27.03%)
Drinking 400 X'=277 0.252
Never - 229/326 (70.25%) 59/74 (79.73%)
Now - 41/326 (12.58%) 7/74 (9.46%)
Ever - 56/326 (17.18%) 8/74 (10.81%)
COPD 400 x*=0.54 0.462
Yes - 19/326 (5.83%) 6/74 (8.11%)
No - 307/326 (94.17%) 68/74 (91.89%)
Diabetes Mellitus 400 x=3.16 0.082
Yes - 30/326 (9.20%) 12/74 (16.22%)
No - 296/326 (90.80%) 62/74 (83.78%)
Alkaline Phosphatase, U/L 400 x*=193 0.17
<125 - 309/326 (94.79%) 67/74 (90.54%)
2125 - 17/326 (5.21%) 7/74 (9.46%)
Serum Albumin, g/L 400 x*=5.78 0.022
<35 - 110/326 (33.74%) 36/74 (48.65%)
>35 - 216/326 (66.26%) 38/74 (51.35%)
Classifi::tlr:)n (pN) 400 X' =483 0.182
pN1 - 74/326 (22.70%) 14/74 (18.92%)
pN2 - 91/326 (27.91%) 14/74 (18.92%)
pN3 - 150/326 (46.01%) 38/74 (51.35%)
pN4 - 11/326 (3.37%) 6/74 (8.11%)
Surgery 400 x*=17.22 <0.012
Yes - 232/326 (71.17%) 34/74 (45.95%)
No - 94/326 (28.83%) 40/74 (54.05%)
Chemotherapy 400 x*=0.20 0.662
Yes - 288/326 (88.34%) 64/74 (86.49%)
No - 38/326 (11.66%) 10/74 (13.51%)
Radiation Therapy 400 x:=0.77 0.382
Yes - 43/326 (13.19%) 7/74 (9.46%)
No - 283/326 (86.81%) 67/74 (90.54%)
Other Therapy 400 x*=1153 <0.012
Yes - 35/326 (10.74%) 19/74 (25.68%)
No . 291/326 (89.26%) 55/74 (74.32%)

Note: BMI = Body Mass Index; COPD = Chronic Obstructive Pulmonary Disease; TNM = Tumor-Node-Metastasis; All unlabeled test statistics are x2 values.
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prognostic factors for bone metastases Table 2. Univariate
and multivariate COX regression forest plots for bone
metastasis in patients with lung cancer are presented in
Figure 2.

At the end of the study, 59 (14.75%) patients with lung
cancer developed bone metastases, with a median survival
time of 56 months (95% CI 49-NA). Compared with those
without osteoporosis in newly diagnosed lung cancer
patients, those with osteoporosis in newly diagnosed lung
cancer could quickly develop bone metastases (median
time to bone metastasis development, 35 months; 95% CI,
26- NA months vs. 56 months; 95% CI, 56- NA; P<0.01).
Compared with those without surgery treatment in lung
cancer patients, those with surgery treatment had a
delayed time to develop bone metastases (median time to
bone metastasis development, 44 months; 95% CI, 31- NA
months vs 56 months; 95% CI, 49- NA; P <0.01; Table 3
and Figure 2.

DISCUSSION

Lung cancer exhibits a high propensity for osteolytic
bone metastasis, with its key progression process divided
into three sequential stages: tumor invasion, tumor
cell migration, and bone tissue colonization [10]. These
stages are tightly regulated by multiple factors, including
the receptor activator of nuclear factor B (RANK)/RANK
ligand (RANKL)/osteoprotegerin (OPG) pathway, specific
exosome subsets, and bone morphogenetic protein 2
(BMP2) [10-13]. Notably, the RANK/RANKL/OPG pathway
is a shared signaling axis between lung cancer bone
metastasis and osteoporosis pathogenesis. Specifically,
the binding of RANK (expressed on osteoclast precursors)
to its ligand RANKL (secreted by tumor or stromal cells)
promotes osteoclast differentiation and activation; in
contrast, OPGan endogenous decoy receptorsuppresses
osteoclast activity by competitively binding to RANKL.
An elevated RANKL: OPG ratio correlates with increased
metastatic potential of lung cancer cells. Furthermore,

Characteristics HR (95% CI) _ Adjusted HR (95% C1) the prevention or treatment of bone metastasis-related
sex ! \
1 : : ; : skeletal events (BMREs) has been shown to exacerbate
2 —— 0.95 (0.56 10 1.61) —— 0.86 (0.4910 1.52) . . . .
BMi ‘ 095 (0.86101.03) . 1,00 (0.92 10 1.08) osteoporosis progression in affected patients [14].
others therapy . .
0 | . | - . .
1 | e 247(14210428) e 130(0.7010243) Trabecular vBMD can be acquired using low-dose
chmeotherapy H H . .
0 | : i : chest CT scan data combined with QCT technology. The
1 —=—— 219(0.79106.05) ——=——  1.39(0.47 10 4.08)
surgery ;
0 J - i - i ; . . .
5 : 021 (0.1310037) i 030 (017 16.0.53) Tal?le 3: COm}.)E.lrlSOIlS of Time to Bone Metast:jlsns Survival Data Among Lung Cancer
osteoporosis ; : Patients Stratified by Surgery and Osteoporosis
0 5 > i : ; q
1 | e 444(264107.49) | —=—330(1.9010573) Variables No. of lung Survival, median P
Diabetes mellitus | : cancer patients (95%(CI), months
0 ! . : B
1 —w—  200(1.04103.87) s 197 (1.01103.87) Surgery 266 22(8.27) 56(49 - NA)
04 1 27 74 04 1 27 Yes 134 37 (27.61) 44 (31-NA) <0.01
No
Figure .ZlUrllivariate and rrllultivariate COX regression forest plots for bone osteonorosic 7427 (36.49) 35 (26 - NA) oot
metastasis in lung cancer patients. p 32632 (9.82) 56 (56 - NA) .
Table 2: Univariate and Multivariate Cox Regression for Prognostic Risk of Lung Cancer Progression to Bone Metastases
e Univariable Multivariable
Characteristic
HR 95%CI P value HR 95%CI P value
Age 1.01 0.98C1.03 0.642 0.97 0.94C1.00 0.04
Others therapy
No 2.47 1.42C4.28 <0.01 1.30 0.70C2.43 0.408
Yes
Surgery
No 0.21 0.12C0.36 <0.01 0.31 0.17C0.57 <0.01
Yes
Osteoporosis
No 4.44 2.64C7.44 <0.01 3.30 1.90C5.73 <0.01
Yes
Serum albumin
No 0.36 0.21C0.61 <0.01 0.60 0.34C1.07 0.081
Yes
Diabetes mellitus
No 2.00 1.03C3.86 0.039 1.81 0.92C3.57 0.087
Yes

HR = Hazard Ratio; CI = Confidence Interval. Reference group (No) is marked with "
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examination is convenient and rapid, with no additional
ionizing radiation being necessary. Cheng et al. [8], were
the first to demonstrate the feasibility of measuring
trabecular bone mineral density in the Chinese population
using low-dose chest CT. Opportunistic osteoporosis
screening via low-dose chest CT has a higher detection
rate of osteoporosis in the elderly than the traditional DXA,
exhibiting higher sensitivity [15,16].

The prevalence of osteoporosis in lung cancer patients
at the time of diagnosis is 18.5%, which is comparable to
that of the general population in China, indicating relatively
good bone health status before cancer diagnosis [17].
Zhou et al. [18], showed that lung cancer patients with a
history of smoking and COPD have lower bone density
compared to those without these risk factors. The baseline
data of this study indicated that there was no statistically
significant disparity in the smoking status among lung
cancer patients with and without osteoporosis. This might
be ascribed to the fact that the data were derived from the
opportunistic lung cancer screening database of health
examinations, and the patients might be unaware of or not
diagnosed with COPD. Bari et al. [19], proposed that COPD
is an independent risk factor for osteoporosis in men and
has no significant correlation with smoking history, which
is contrary to the study of Zhou et al. [18]. Pompe et al.
[20], revealed that current smokers had the fastest bone
mineral density decline within 3 years. We will concentrate
on the longitudinal relationship between smoking history
and the alteration of bone mass in lung cancer patients in
future studies.

Our findings demonstrate that bone density loss,
identified via low-dose chest computed tomography
(CT) screening at the time of lung cancer diagnosis,
serves as an independent risk factor for lung cancer bone
metastasis. Specifically, compared with patients without
bone density loss, those with bone density loss exhibit
accelerated progression to lung cancer bone metastasis.
This observation is consistent with the findings reported
by Lee etal. [21]. However, a large clinical study by Chen et
al. [22], has shown that the presence of bone density loss at
the time of breast cancer diagnosis is not correlated with
bone metastasis; rather, it only accelerates the process
of breast cancer bone metastasis. This difference may be
attributed to variances in mechanisms underlying breast
and lung cancer metastasis.

The primary tumor orchestrates the microenvironment
within bones and establishes conditions for dormancy and
dissemination of tumor cells, ultimately leading to multi-
organ metastases and mortality [23]. Breast cancer cells
have already disseminated throughout the body upon

detection at their primary site, remaining dormant to evade
treatment while external factors such as inflammation
and aging heighten their risk of recurrence and accelerate
osteoporosis progression [24]. In contrast, lung cancer
metastasis occurs following the completion of invasion
and migration, with tumor cells entering a dormant state
within marrow cell microenvironments [25]; here, they
interact with various marrow cells, causing adaptive
changes while also directly or indirectly promoting
lung cancer bone metastasis through these interactions
[26,27]. Therefore, we propose that once bone (a common
metastatic site for lung cancer) is identified as a target, the
bone marrow cellular microenvironment provides a fertile
”"soil” for migrating tumor cells ("seeds”)suggesting that
lung cancers metastatic pattern aligns more closely with
the "seed”-"soil” theory (SST) than that of breast cancer.
Our study provides clinical evidence supporting this SST-
related mechanism during tumor metastasis.?In future
studies, we will further investigate two key directions:
1) the impact of osteoporosis treatment on lung cancer
bone metastasis (LCBM); and 2) the potential role of
osteoporosis treatment in the prevention and management
of LCBM. We also observed that surgical treatment served
as a protective factor against bone metastasis in lung
cancer and prolonged the median time for lung cancer to
progress to bone metastasis. Whether it was lobectomy,
sublobar resection, or pneumonectomy, these procedures
represent valuable and effective measures for enhancing
the long-term survival rate of lung cancer patients [28-
30]. Nevertheless, according to the report, 30-70% of non-
small cell lung cancer patients still encountered recurrence
following complete resection, including distant metastasis
[31]. This phenomenon is associated with achieving
pathological remission through lung cancer treatment,
with those failing to achieve such remission exhibiting a
heightened risk of bone metastasis [32]. For lung cancer
patients unable to undergoimmediate surgical intervention
upon diagnosis, receiving preoperative neoadjuvant
immunotherapy combined with chemotherapy can reduce
staging and enhance survival rates and quality of life by
increasing post-surgery pathological remission [33,34].
Hence, the added benefit of surgical intervention in the
management of lung cancer is underscored as a protective
factor against bone metastasis, thereby potentially slowing
its progression.

The study had the following limitations. First, there
was an age and sex bias in patient inclusion. The elderly
and men accounted for most of the patients with lung
cancer. Second, LDCT lung cancer screening is capable of
sensitively detecting a higher number of early-stage lung
cancer patients. The study primarily involved patients in
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the early to midstages of lung cancer. Third, in the bone
mineral density measurement, severe bone hyperplasia,
and larger bone island, we chose the T12/L1 vertebral
body bone mineral density value as the final spine QCT
bone mineral density value.

CONCLUSION

In conclusion, the newly diagnosed lung cancer with

osteoporosis was associated with a risk of bone metastasis
and accelerated progression of bone metastasis. Surgery
is considered a protective factor against bone metastasis
in lung cancer. Our findings highlight the need for early
identification of osteoporosis among newly diagnosed
lung cancer patients to improve the prognosis of cancer
patients with de novo bone metastases.
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