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Abstract: Objective: To identify risk factors for bone metastasis in patients with newly diagnosed malignant tumor
and to develop a prediction model. Methods: Clinical data from 232 patients with newly diagnosed malignant tu-
mors were analyzed to screen for risk factors associated with bone metastasis. A nomogram prediction model was
constructed using R software. The model’s performance was evaluated using Receiver Operating Characteristic
(ROC) analysis, Bootstrap sampling, and Decision Curve Analysis (DCA). Results: The incidence of bone metastasis
in the 232 cases with newly diagnosed malignant tumors was 21.98% (51/232). Multivariate logistic regression
analysis revealed that tumor staging IlI-1V, lymph node metastasis, high Eastern Cancer Collaboration Group Physi-
cal Status (ECOG-PS) score, high alkaline phosphatase (ALP) expression, and high Sl index were risk factors for
bone metastasis at initial diagnosis (all P<0.05). The area under the curve (AUC) of the nomogram model was
0.893. Bootstrap sampling validation showed a small error of 0.017 between predicted and actual probabilities.
DCA supported the utility of the model in clinical practice. Conclusion: Bone metastasis in newly diagnosed malig-
nant tumors is associated with advanced tumor staging, lymph node metastasis, high ECOG-PS score, elevated ALP
expression, and a high Sll index. A nomogram model based on these factors can effectively predict the risk of bone

metastasis in these patients.
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Introduction

Bone is a common site for metastasis in vari-
ous malignant tumors [1]. Patients with bone
metastasis often develop bone-related compli-
cations such as bone pain, pathological frac-
tures, myelosuppression, and hypercalcemia
[2]; affecting their quality of life and the progno-
sis of primary disease and increasing their
medical burden. Currently, the clinical diagno-
sis of malignant tumor patients with bone
metastasis mainly depends on imaging modali-
ties, including X-ray, computed tomography
(CT), magnetic resonance imaging (MRI), sing-
le photon emission computed tomography
(SPECT), positron emission computed tomogra-
phy (PET-CT), and radionuclide bone scans [3,
4]. However, early-stage bone metastasis often
presents subtle imaging alterations, and by the
time imaging manifestations and clinical symp-
toms are significant, the disease has usually

advanced. In addition, imaging examination can
be costly and carry risks of radiation exposure,
making frequent screening impractical. As a
result, imaging technologies have limitations in
the detection of bone metastases in newly diag-
nosed malignant tumors. The uncertainty in
risk stratification for bone metastases can
complicate decision-making in clinical practice,
leading to potential missed diagnoses [5].

Identifying the influencing factors for bone
metastasis in newly diagnosed malignant tumor
patients and constructing a predictive model
could help address this issue. Clinicians could
use such models to stratify patients according
to their risk of bone metastasis, reducing the
likelihood of missed diagnoses. Moreover, ba-
sed on the estimated risk, preventive strategies
could be implemented to minimize the inci-
dence of bone metastasis in the later stages of
disease. The purpose of this study is to analyze
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the risk factors for bone metastasis in patients
with newly diagnosed malignant tumors and to
construct a predictive model, providing clini-
cians with a useful tool to assess risk and
implement preventive measures.

Material and methods
Research subjects

In this retrospective study, the clinical data of
232 patients with newly diagnosed malignant
tumors were collected and analyzed. Patients
were divided into a bone metastasis group and
non-bone metastasis group, based on imaging
examination or bone biopsy confirmation of
metastasis after admission. This study was
approved by the Ethic Committee of Suzhou
Ninth People’s Hospital.

Inclusion criteria: (1) Diagnosed as a malignant
tumor based on histopathology and imaging,
meeting the diagnostic criteria of the Inter-
national Union Against Cancer (UICC), as out-
lined in the “UICC Clinical Oncology Handbook”
[6]; (2) Age >18 years old, first visit, without any
treatment (such as surgery, radiotherapy, che-
motherapy, or other anti-tumor drugs) upon
admission. Exclusion criteria: (1) Patients with
dual or multiple cancers; (2) Patients with dis-
eases affecting bone metabolism, such as thy-
roid and parathyroid diseases, rickets, osteo-
porosis, traumatic fractures, and rheumatoid
arthritis; (3) Patients with infectious diseases
within 3 months prior to the initial diagnosis; (4)
Patients taking bisphosphate, hormones, or
calcium supplements within 1 month before
the initial diagnosis.

Research methods

Data collection: A structured data sheet was
used to collect patient information, including
age, sex, body mass index (BMI), comorbidities
(hypertension, diabetes, hyperlipidemia etc.),
malignant tumor type, tumor stage, lymph node
metastasis, primary tumor diameter, physical
status, serum biomarkers [lactate dehydroge-
nase (LDH), alkaline phosphatase (ALP), blood
calcium (Ca), carcinoembryonic antigen (CEA),
carbohydrate antigen 125 (CA125), systemic
immune inflammation index (SII)]. The Sll value
was calculated as platelet count * neutrophil
count/lymphocyte count [7]. The physical fit-
ness status was evaluated using the Eastern
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Cancer Collaboration Group Physical Status
(ECOG-PS) scale [8]. This scale classifies pa-
tients’ physical condition into six levels, ranging
from O to 5, with higher scores indicating poor-
er physical condition; O points: fully active, with
no restriction on activities, similar to pre-dis-
ease condition; 1 point: mild symptoms, able to
engage in light physical activities; 2 points: able
to care for themselves and tolerate tumor-relat-
ed symptoms but limited to being active for at
least half of the day; 3 points: severe symp-
toms, able to care for themselves partially, and
spend more than half of the day in bed or in a
wheelchair; 4 points: completely bedridden and
unable to take care of themselves; 5 points:
deceased.

Diagnosis of bone metastasis: First, other
benign bone lesions were excluded prior to the
diagnosis of bone metastasis. The diagnosis
criteria of bone metastasis [9]: 1) A pathologi-
cal biopsy indicates malignant tumor bone me-
tastasis; 2) If the biopsy does not confirm bone
metastasis, imaging evidence from at least two
different modalities (such as CT, MRI, ECT, or
PET-CT) is required to support the diagnosis of
bone metastasis.

Research process: First, the general data,
blood test data at the time of diagnosis, and
pathological examination data of all cases were
organized. The clinical characteristics of pati-
ents with bone metastasis were compared to
those without bone metastasis. Statistically sig-
nificant indicators were included in multivariate
analysis to determine independent risk factors
for bone metastasis in newly diagnosed malig-
nant tumor patients. Then, based on the results
of multivariate analysis, a predictive model for
bone metastasis risk was constructed. The
model was developed in strict adherence to the
TRIPOD (Transparent Reporting of a Multi-
variable Prediction Model for Individual Pro-
gnosis or Diagnosis) guidelines, and visualized
as a nomogram. Internal validation of the model
was conducted, focusing on evaluating its dis-
crimination, calibration, and clinical applicabi-
lity.

Statistical analysis

SPSS 27.0 software was used for data analysis.
Measurement data were expressed by (mean +
SD), and compared by t-test between the two
groups. Categorical variables were presented
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Table 1. Comparison of baseline data between the two groups

Characteristics

Bone metastasis group

Non-bone metastasis group t/x2value P value

(n=51) (n=181)
Age (years) 59.65+9.54 57.93+9.16 1.174 0.242
Gender 0.198 0.657
Male 23 (45.10) 88 (48.62)
Female 28 (54.90) 93 (51.38)
BMI (kg/cm?) 22.17+£2.08 22.49+2.14 0.949 0.344
Combined hypertension 0.820 0.365
Yes 6 (11.76) 14 (7.73)
No 45 (88.24) 167 (92.27)
Combined diabetes 2.439 0.118
Yes 8 (15.69) 15 (8.29)
No 43 (84.31) 166 (91.71)
Combined with hyperlipidemia 0.590 0.442
Yes 5 (9.80) 12 (6.63)
No 46 (90.20) 169 (93.37)
Malignant tumor type 0.428 0.934
Digestive system tumors 16 (31.37) 52 (28.73)
Respiratory system tumors 14 (27.45) 47 (25.97)
Genitourinary neoplasms 11 (21.57) 39 (21.55)
Breast system tumors 10 (19.61) 43 (23.75)
Tumor staging 47.050 <0.001
-l 3 (5.88) 109 (60.22)
-1v 48 (94.12) 72 (39.78)
Lymph node metastasis 40.072 <0.001
Yes 42 (82.35) 59 (32.60)
No 9 (17.65) 122 (67.40)
Primary tumor diameter (cm) 2.71+0.84 2.54+0.63 1.667 0.097
ECOG-PS score (points) 2.18+0.75 1.46+0.46 8.465 <0.001

Note: BMI: body mass index; ECOG-PS: Eastern Cancer Collaboration Group Performance Status.

as counts and percentages [n (%)], and the x2
test was used for comparison between groups.
Multivariate logistic regression analysis was
used to identify the risk factors for bone metas-
tasis in patients with newly diagnosed malig-
nant tumors. A P value less than 0.05 was con-
sidered with statistically significant difference.
A nomogram prediction model for bone metas-
tasis risk was constructed using R3.4.3 soft-
ware. The area under the receiver operating
characteristic (ROC) curve (AUC) was used to
evaluate the discrimination performance of the
model. The Hosmer Lemeshow (H-L) goodne-
ss-of-fit test and Bootstrap resampling were
applied to verify the model’s fit and calibration,
respectively. Decision Curve Analysis (DCA) was
used to evaluate the model’s practical value in
clinical practice.
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Results

Bone metastasis status and univariate analy-
Sis

Of the 232 cases with newly diagnosed malig-
nant tumors, 51 were confirmed with bone
metastasis (bone metastasis group), with an
incidence of 21.98% (51/232). Among them,
there were 12 cases of multiple bone metasta-
ses and 39 cases of single bone metastases.
The remaining 181 cases were confirmed with-
out bone metastasis (non-bone metastasis
group). Univariate analysis showed significant
differences between the two groups in tumor
staging, lymph node metastasis, ECOG-PS
score, ALP, and SlI index (all P<0.05) (Table 1;
Figure 1).
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Figure 1. Comparison of blood indicators between the two groups. A: LDH, lactate dehydrogenase; B: ALP, alkaline
phosphatase; C: Ca, calcium; D: CEA, carcinoembryonic antigen; E: CA125, carbohydrate antigen 125; F: SlI, sys-
temic immune inflammatory index. Note: ns, P>0.05; *, P<0.05; **, P<0.01.

Table 2. Variable assignment table

Variables Assignment

Tumor staging o=k, 1=V
Lymph node metastasis 0 = No, 1 =Yes
ECOG-PS score Continuous variable
ALP Continuous variable
Sll index Continuous variable

Note: ECOG-PS: Eastern Cancer Collaboration Group
Performance Status; ALP: Alkaline phosphatase; Sll:
systemic immune inflammation index.

Multivariate logistic regression analysis

Bone metastasis in patients with newly diag-
nosed malignant tumor (O = no; 1 = yes) was
taken as the dependent variable, and the vari-
ables with P<0.05 from Table 1 were assigned
as an independent variables, see Table 2.
Multivariate logistic analysis showed that tu-
mor stages IlI-IV, lymph node metastasis, high
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ECOG-PS score, elevated ALP levels, and high
Sll index were all risk factors for bone metasta-
sis in newly diagnosed malignant tumor pa-
tients (all P<0.05), see Table 3.

Construction of a nomogram model for bone
metastasis risk in patients with newly diag-
nosed malignant tumors

A prediction model was constructed based on
the regression coefficients and constant terms
derived from the multiple regression analysis
results: Z =-9.543 + 1.198 x tumor stage (0 =
I-1l, 1 = 1lI-IV) + 1.054 x l[ymph node metastasis
(0 = no, 1 = yes) + 0.738 x ECOG-PS score
(actual value) + 0.876 x ALP (actual value) +
1.125 x SlI index (actual value). This logistic
regression model was visualized using R soft-
ware to create a nomogram. Interpretation: The
total score was obtained by summing the indi-
vidual scores for each factor in the nomogram.

Am J Transl Res 2024;16(10):5890-5899



Bone metastasis in patients with malighant tumors

Table 3. Multivariate logistic analysis

Variable B SE Wald x2 P value OR (95% ClI)

Tumor stage llI-IV 1.198 0.388 9.533 0.002 3.313 (1.549-7.085)
Lymph node metastasis 1.054 0.384 7.534 0.006 2.869 (1.351-6.092)
ECOG-PS score is high 0.738 0.256 8.311 0.004 2.092 (1.266-3.457)
High expression of ALP 0.876 0.312 7.883 0.005 2.401 (1.302-4.428)
Sl index high 1.125 0.289 15.153 <0.001 3.080 (1.749-5.425)

Note: ECOG-PS: Eastern Cancer Collaboration Group Performance Status; ALP: Alkaline phosphatase; SllI: systemic immune

inflammation index.
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Figure 2. Nomogram prediction model for bone metastasis risk in patients
with malignant tumor. Note: ECOG-PS: Physical strength rating scale of the
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Figure 3. ROC curve analysis of the predictive model
for bone metastasis in malignant tumor patients.

The corresponding prediction probability of
bone metastasis risk is then determined by
locating the total score on the vertical axis,
which provides the predicted probability of
bone metastasis in patients with newly diag-
nosed malignant tumors. See Figure 2.

5894

The H-L goodness-of-fit
test showed no significant dif-
ference between the predict-

ed probability and the actual occurrence (x> =

2.665, P =0.954), indicating no fitting phenom-

enon. The Bootstrap method was used for vali-

dation with 1,000 internal sampling, the error
between the predicted probability of the model
and the actual value was 0.017, indicating good
consistency between predicted and actual
probabilities of bone metastasis in newly diag-

nosed malignant tumor patients (Figure 4).

Decision curve analysis further indicated that

the net benefit of the prediction model was

higher than the other two extreme curves, sug-
gesting that the model is practical and valuable

in clinical practice (Figure 5).

Discussion

Malignant tumors are known for their invasive
nature, and metastasis is common. Related
studies have shown that, about 80% of malig-
nant tumors involve bones [10]. The incidence
of bone metastasis in this study was 21.98%,
lower than previously reported figures. This
may be related to the selection of newly diag-
nosed malignant tumor patients, the sample
size, and the specific inclusion and exclusion
criteria in this study. Once bone metastasis
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Figure 4. Calibration curve analysis of prediction
model for bone metastasis in malignant tumor pa-
tients.

occurs, patients may experience severe and
persistent pain, along with various skeletal
complications. This is because, when cancer
cells metastasize to the bone, they can colo-
nize and grow, causing damage to the bone and
promoting excessive osteoclast activity, lead-
ing to local osteolytic destruction [11]. The-
refore, early accurate assessment and timely
intervention are crucial to managing these
patients effectively.

Tumor staging reflects the extent of tumor infil-
tration. As staging progresses, the range of
tumor invasion increases, and cancer cells be-
come more actively proliferative, which is clo-
sely related to the poor prognosis of tumor
patients [12]. Numerous studies have con-
firmed a significant correlation between clinical
staging of tumors and the occurrence of bone
metastasis in cancers such as non-small cell
lung cancer [13], colorectal cancer [14], pros-
tate cancer [15], primary liver cancer [16], and
breast cancer [17]. This study also found that
advanced tumor stage was a risk factor for
bone metastasis in patients with newly diag-
nosed malignant tumors, aligning with previous
reports. It is possible that as the tumor metas-
tasizes to distant sites, it simultaneously in-
vades surrounding tissues, capillaries, and lym-
phatic vessels, resulting in an escalation of
tumor staging. The more advanced the stage,
the greater the number of lymph nodes affect-
ed, and the higher the likelihood of bone metas-
tasis. Studies have shown that, when lymph
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Figure 5. Decision curve analysis of prediction model
for bone metastasis in patients with malignant tu-
mors.

nodes are involved, tumor cells can evade
immune-mediated cytotoxicity and induce the
production of regulatory T cells, leading to
immune tolerance and promoting tumor metas-
tasis [18]. This suggests that lymph node
involvement increases the risk of bone metas-
tasis. This study found that lymph node metas-
tasis is a risk factor for bone metastasis in
newly diagnosed malignant tumor patients.
This may be due to the involvement of lymph
nodes, which indicates a shorter doubling time
of cancer cells, a higher proliferation rate, and
a broader dissemination range, making bone
metastasis more likely. Additionally, tumor cells
involved in lymph nodes can spread through
the venous system in a hematogenous mannet,
involving bones, or occasionally directly invad-
ing adjacent bones through soft tissue, furth-
er increasing the risk of bone metastasis.
Therefore, for patients with advanced-stage
malignant tumors and lymph node involvement
at initial diagnosis, close clinical attention
should be paid to the risk of bone metastasis.

Decreased physical fitness is the most com-
mon symptom in patients with malignant tu-
mors. The higher the ECOG-PS score, the worse
their physical status [19]. Research has shown
that bone related events such as bone pain and
spinal cord compression caused by bone me-
tastasis in patients with malignant tumors -
especially when metastasis occurs in load-
bearing bones - directly affects the patient’s
physical condition, leading to reduced mobility
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and limited daily activities [20]. This suggests
that poor physical fitness in patients with malig-
nant tumor is associated with bone metastasis.
In this study, a high ECOG-PS score was identi-
fied as a risk factor for bone metastasis in
patients with newly diagnosed malignant tu-
mors, similar to the findings in previous re-
search [21]. This may be due to the high malig-
nancy of the tumor and the excessive consump-
tion of the patient’s physical fitness caused by
the rapid development of tumor. During the
aggressive phase of malignant tumor develop-
ment, the rapid proliferation of cancer cells can
drive metastasis, including bone metastasis.
Therefore, for malignant tumor patients with
high initial ECOG-PS scores, clinical attention
should be paid to the possibility of existing
bone metastases to avoid missed diagnosis
and missed treatment.

ALP is a phosphohydrolase enzyme primarily
derived from bone and liver [22], and it reflects
the activity of osteoblasts. Wymenga et al. [23]
showed that serum ALP exceeding 90 U/L could
be a marker for positive bone metastasis in
about 60% of prostate cancer patients. Bayrak
et al. [24] found that, the serum ALP levels in
lung cancer patients with bone metastasis
were significantly higher than those without
bone metastasis. Jiang et al. [25] showed that,
elevated serum ALP level was significantly
associated with bone metastasis in breast can-
cer patients. These suggest a correlation be-
tween elevated serum ALP levels and bone
metastases in various malignant tumors. This
study identified elevated serum ALP expression
as a risk factor for bone metastasis of newly
diagnosed malignant tumors, consistent with
previously reported findings [26]. It is possible
that cancer cells metastasize to bone tissue via
blood circulation and lymphatic circulation,
leading to the activation of osteoclasts and
subsequent osteolytic destruction, which con-
tributes to the formation of bone metastases.
When bone cells are stimulated by growth fac-
tors from tumor cells, it may cause increased
ALP secretion, resulting in elevated serum ALP
levels. However, studies have shown that using
serum ALP index alone to evaluate bone metas-
tasis lacks specificity [27], as bone fractures,
abnormal bone metabolism and other condi-
tions affecting the bone can also significantly
increase serum ALP levels. Inflammation is an
important component of the tumor microenvi-
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ronment and plays a crucial role in promoting
tumor development and progression [28, 29].
Several cellular markers associated with inflam-
mation and immunity are routinely measured in
peripheral blood tests, such as platelets, neu-
trophils, and lymphocytes. Among them, plate-
lets have been proven to promote tumor pro-
gression and metastasis through various in-
teractions with tumor cells, including helping
them evade immune surveillance [30]. Ne-
utrophils can promote tumor proliferation, inva-
sion, and metastasis by releasing cytokines
and chemokines, such as interleukin-6 and
tumor necrosis factor-alpha [31]. Lymphocytes
are essential for eliminating tumor cells, as
they induce cytotoxic cell death [32], effectively
inhibiting tumor growth and migration. Recent
research has established that the Sll index, cal-
culated from platelets, neutrophils and lympho-
cyte counts, can predict disease progression in
various malignancies [33-35]. He et al. [36]
demonstrated that a high Sll index is an inde-
pendent risk factor for bone metastasis in lung
cancer patients, which aligns with the results of
this study. SlI index reflects the balance be-
tween inflammation and immunity by repre-
senting three coexisting immune and inflamma-
tory pathways in the body [37]. It is easily
obtainable in clinical practice and serves as a
composite index, making it a more comprehen-
sive and accurate tool for assessing the risk of
bone metastasis in newly diagnosed malignant
tumor patients.

There are many factors influencing bone metas-
tasis in patients with newly diagnosed malig-
nant tumors, each with complex mechanisms.
It is essential to combine these factors into a
predictive model to better evaluate the risk of
bone metastasis. In this study, multivariate
logistic regression analysis identified five risk
factors, including tumor stage, lymph node
metastasis, physical condition, ALP, and SlI
index. Based on these factors, a predictive
model was constructed. Subsequent analysis
yielded an AUC value of 0.893, and the H-L
goodness-of-fit test showed no overfitting, indi-
cating that the model effectively evaluates and
distinguishes bone metastases in newly diag-
nosed malignant tumors. Decision curve analy-
sis found that the net benefit curve of this
model was superior to the extreme curve in
evaluating bone metastasis, indicating that this
model has timeliness in clinical practice. The-
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refore, clinicians can stratify the patients into
different bone metastasis risk groups accord-
ing to the prediction model, reducing the
missed diagnosis rate. Additionally, based on
the assessed probability of bone metastasis,
preventive measures can be implemented to
minimize the risk of bone metastasis in these
patients during the later stages of their dis-
ease.

Conclusion

In summary, bone metastasis in newly diag-
nosed malignant tumor patients is associated
with advanced tumor stage, lymph node metas-
tasis, poor physical condition, elevated ALP lev-
els, and high SlI index. The predictive model
constructed based on these factors can pro-
vide guidance for clinical assessment of bone
metastasis risk in newly diagnosed malignant
tumor patients and the development of preven-
tive measures. This study does have a few limi-
tations. First, it is a single center retrospective
study, with a single sample source, which may
limit the model’s generalizability. Second, the
model has not been externally validated, and
its reliability still needs to be verified through
future multi-center studies with large sample
sizes.
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