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ABSTRACT

Objective: In combination with Maximum Standardized Uptake Value (SUVmax) from SPECT/CT scans in lung cancer patients,
serum alkaline phosphatase (ALP), molecular fragments in the N end of osteocalcin (N-MID), total procollagen type 1 N-terminal
propeptide (TPINP), and bone mineral density (BMD) measurements to explore the clinical early diagnosis of lung cancer bone
metastasis.

Methods: A total of 107 patients diagnosed as lung cancer at a tertiary-level Class A hospital between January 2021 and June
2022 were enrolled, comprising 37 cases with bone metastasis and 70 cases without bone metastasis. All patients underwent
relevant examinations. SPECT/CT was performed in the supine position with anterior and posterior whole-body bone imaging,
using a matrix of 256 x 1,024, an energy peak of 140 keV, and a window width of 20%. SUVmax was measured. BMD
measurement utilizes dual-energy X-ray absorptiometry to assess the first to fourth lumbar vertebrae, bilateral femoral necks, and
total hip joints in the examinees, yielding bone mineral content per unit area (g/cm?). Fasting blood samples in the morning were
taken and a fully automated biochemical analyzer was used to measure ALP levels, and a fully automated chemiluminescence
immunoassay analyzer was used to measure serum N-MID and TPINP levels.

Results: Patients with bone metastasis exhibited ALP, N-MID and TPINP levels of 120.30 + 33.32 U/L, 19.03 + 3.54 mg/L
and 82.21 &£ 26.65 mg/L, respectively, significantly higher than those in patients without bone metastasis (94.43 + 30.30 U/L,
15.50 &+ 4.01 mg/L, 55.58 £ 21.01 mg/L), p < .001, indicating a significant difference; The lumbar spine BMD in patients
with bone metastasis was 0.82 =+ 0.12 g/cm?, compared to 0.89 & 0.14 g/cm? in patients without bone metastasis, p = .011,
demonstrating a statistical significance. Comparisons between patients with and without bone metastasis revealed no statistically
significant differences in gender, pathological type, femoral neck BMD, or whole-body BMD (p > .05). The SUVmax value for
adenocarcinoma patients was 11.45 £ 1.98, significantly lower than 13.51 4 2.00 for patients with squamous cell carcinoma
and 13.98 + 2.02 for other types (p < .001), representing a statistically significant difference. For patients with tumors with
diameter > 5 cm and TNM stage III-IV, SUVmax values were 13.38 4 1.95 and 12.99 =+ 2.00, respectively, significantly higher
than those with tumors < 5 cm (11.50 £ 2.01) and TNM stage I-1I (11.77 £ 1.93), with p < .001 and p = .002, respectively,
demonstrating a statistical significance. Comparison in SUVmax of gender and age showed p > .05, indicating no statistically
significant difference. In patients with TNM stage III-1V, ALP, N-MID and TPINP levels were 110.39 £ 21.12 U/L, 18.62 &+
2.22 mg/L and 70.31 £ 17.02 mg/L, respectively, significantly higher than those in patients with TNM stage I-II (97.45 £ 19.82,
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15.12 + 2.14 and 60.12 £ 15.65, respectively. The corresponding p values were .001, < .001 and .002, indicating a statistical
significance. Comparison in ALP, N-MID and TPINP levels among patients of different genders, ages, pathological types and
tumor diameters showed p > .05, indicating no statistically significant differences. The areas under the ROC curves for ALP,
N-MID and TPINP in the diagnosis of bone metastasis were 0.695, 0.734 and 0.837, respectively, with p < .05.

Conclusions: Serum ALP, N-MID and TPINP levels were significantly elevated in patients with bone metastasis of lung cancer
in comparison to those without bone metastasis, while SUVmax showed no significant difference. SUVmax, ALP, N-MID and
TPINP are associated with certain clinical and pathological characteristics in lung cancer patients. Among these, ALP, N-MID
and TPINP demonstrate a potential diagnostic value for detecting bone metastasis in lung cancer.

Key Words: Lung cancer, Bone metastasis, Single photon emission computed tomography, Maximum standardized uptake

value, Alkaline phosphatase, N-MID Osteocalcin, Total procollagen type 1 N-terminal propeptide

1. INTRODUCTION

Lung cancer is one of the most common malignant tumors,
with persistently high incidence and mortality rates. Non-
small cell lung cancer (NSCLC) accounts for approximately
85% of all lung cancer cases, with a five-year survival rate
of about 17.1%.!"7 NSCLC frequently metastasizes to bones,
brain, other lung regions and liver, with bone metastasis
accounting for approximately 30%-40% of all lung cancer
metastasis.[?! Pathological fractures caused by lung cancer
bone metastasis, whether impending or actual, represent a
difficult and challenging complication that impacts the prog-
nosis of lung cancer patients, diminishes their quality of life,
and may even be life-threatening.!¥! Clinically, the diagnostic
methods for lung cancer bone metastasis recommended by
guidelines primarily rely on imaging examination results. Ac-
cording to relevant statistics, approximately 70% of patients
with lung cancer are often diagnosed at the intermediate or
advanced stages of bone metastasis, having already lost the
opportunity for curative lung cancer surgery./! Currently,
there are few clinically effective methods for predicting bone
metastasis in lung cancer. Studies indicate that various types
of molecules, host cells, and the extracellular microenviron-
ment participate in the interactions of cancer cells during
lung cancer bone metastasis, including osteoclast-mediated
bone resorption and osteoblast-mediated bone formation.!
Therefore, we speculate that biochemical bone metastasis
likely occurs prior to imaging bone metastasis. To further
enhance the prediction, diagnosis, and disease monitoring
of lung cancer bone metastasis, this study aims to conduct a
combined analysis of SPECT/CT maximum standardized up-
take value (SUVmax) with existing biochemical markers of
bone metabolism: serum alkaline phosphatase (ALP), molec-
ular fragments in the N end of osteocalcin (N-MID) and bone
mineral density (BMD). This integrated approach seeks to
provide a robust theoretical foundation for clinical prediction,
diagnosis, and treatment monitoring of bone metastasis.
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2. DATA AND METHODS

2.1 General information

A total of 107 patients diagnosed with lung cancer at a
tertiary-level Class A hospital between January 2021 and
June 2022 were enrolled. The cohort comprised 63 males
and 44 females. Forty-eight patients were aged < 60 years,
while 59 patients were aged > 60 years. Among them, 37 pa-
tients had bone metastasis from lung cancer, and 70 patients
did not have bone metastasis.

Inclusion criteria are listed as follows: (1) Pathologically
or cytologically confirmed lung cancer: characterized by ir-
regular cell morphology, small nuclei, etc.; bone metastasis
demonstrated by imaging studies'®! showing multiple patchy
or cotton-ball-like lesions, diffuse high-density shadows with
indistinct borders; (2) Karnofsky Performance Status (KPS)
> 70 points;!"! (3) No prior radiotherapy or chemotherapy
before enrollment; (4) Informed consent obtained from both
the patients and family members.

Exclusion criteria are listed as follows: (1) History of os-
teoarthritis, rheumatoid arthritis, or other bone metabolic
disorders; (2) Use of medications affecting bone metabolism
(e.g., corticosteroids, bisphosphonates) within the past 6
months; (3) Traumatic fracture within the past year; (4) Indi-
viduals with psychiatric disorders or communication impair-
ments.

2.2 Experimental methods

2 mL of fasting blood from each patient were collected in the
morning, and then centrifuged at 2,000 rpm for 10 minutes
at low temperature, and the collected serum were immedi-
ately stored at -80°C in the refrigerator, ALP levels were
measured by use of Olympus AU5400 automated biochem-
ical analyzer, serum N-MID and total procollagen type 1
N-terminal propeptide (TPINP) levels were detected by an
automated chemiluminescent immunoassay analyzer.
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Bone Density Testing: Bone density (g/cm?) was measured
by using dual-energy X-ray absorptiometry (DXA) at the
first to fourth lumbar vertebrae, both femoral necks, and the
entire hip joint. BMD refers to the bone mineral content per
unit area in g/cm?, with the precise value expressed to three
decimal places. The testing instrument was Lunar DXA bone
densitometer manufactured by GE Healthcare, recognized
by World Health Organization (WHO) as the gold standard
for diagnosing BMD and osteoporosis.

2.3 SPECT/CT examinations

The new GE Infinia VC Hawkeye PET/CT system, featuring
a low-energy high-resolution collimator, was employed in
this study. The radiotracer 99mTc-MDP was supplied by
the China Institute of Atomic Energy, with a radiochemical
purity of > 95%. The patient received an intravenous injec-
tion of 25 mCi of 99 Tc-labeled methylene diphosphonate
(MDP). After drinking 500 mL of water, the patient was
instructed to empty the bladder 3-4 hours later. The patient
was positioned supine for anterior and posterior whole-body
bone scintigraphy. The matrix was 256 x 1,024, the en-
ergy peak was 140 keV, and the window width was 20%.
Analgesics were administered to patients experiencing se-
vere pain, and local static bone scintigraphy were conducted
when necessary.

2.4 Statistical treatment

SPSS 20.0 statistical software was applied to the statistical
analysis. The measurement data included SUVmax, ALP,
N-MID and TPINP, etc., presented as (x+s). Independent
sample ¢-tests were used to analyze the differences between
two groups, while the analysis of variance (ANOVA) was
used to assess the differences among multiple groups. Cat-
egorical data, including gender, were expressed as n (%).
Differences between groups were analyzed using chi-square
(x?) tests. Diagnostic value was assessed using receiver
operating characteristic (ROC) curve analysis. Inter-group
comparisons with p < .05 were considered statistically sig-
nificant.

3. RESULTS

3.1 Comparison of clinical data between lung cancer pa-

tients with and without bone metastasis
Patients with lung cancer bone metastasis exhibited signif-
icantly higher levels of ALP, N-MID, and TPINP in com-
parison to those without bone metastasis (p < .05), while
their lumbar spine BMD was significantly lower than that
in patients without bone metastasis (p < .05). No statisti-
cally significant differences were observed between bone
metastasis and non-metastatic patients in terms of gender,
pathological type, or other characteristics (p > .05) (see Ta-
bles 1-4).

Table 1. Comparison of general information between bone metastasis and bone metastasis patients [Z=£s, n (%)]

Markers Bone Metastasis (n = 37) Non-metastasis (n = 70) t/y? p
Male 22 (59.46) 41 (58.57)

Gender 0.008 929
Female 15 (40.54) 29 (41.43)

Age (years old) 62.20+8.21 63.54+9.03 -0.753 453

Table 2. Comparison of pathological type between bone metastasis and bone metastasis patients [n (%)]

Type Bone Metastasis (n = 37) Non-metastasis (n = 70) t/y? p
Adenocarcinoma 20 (54.05) 39 (55.71)

Squamous cell carcinoma 12 (32.43) 22 (31.43) 0.028 .986
Others 5(13.51) 9 (12.86)

Table 3. Comparison of SUVmax, ALP, N-MID and TPINP between bone metastasis and bone metastasis patients (Z=+s)

Markers Bone Metastasis (n = 37) Non-metastasis (n = 70) t/y? p
SUVmax 12.57+2.10 12.20+2.03 0.886 378
ALP (U/L) 120.30+33.32 94.43+30.30 4.058 <.001
N-MID (mg/L) 19.03£3.54 15.50+4.01 4.505 <.001
TPINP (mg/L) 82.21£26.65 55.58+21.01 5.672 <.001
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Table 4. Comparison of BMD between bone metastasis and bone metastasis patients (+s)

Markers (g/cm?) Bone Metastasis (1 =37)  Non-metastasis (n = 70) t/y? p

Lumbar spine BMD 0.82+0.12 0.89+0.14 -2.580 011
Neck of femur BMD 0.76+0.11 0.80+0.13 -1.593 114
Whole body BMD 0.70+0.14 0.72+0.12 -0.774 441

3.2 Relationship between SUVmax and clinical patho-

logical characteristics in patients
Patients with adenocarcinoma exhibited significantly lower
SUVmax values in comparison to those with squamous cell
carcinoma and other types (p < .05). Patients with tumors
> 5 cm in diameter and TNM stage III-IV demonstrated
significantly higher SUVmax values than those with tumors
< 5 cm in diameter and TNM stage I-1I (p < .05) (see Tables
5-9).

Table 7. Relationship of SUVmax with pathological type

(Z+£s)
Pathological Type n SUVmax VF p
Adenocarcinoma 59 11.45+1.98
Squamous cell carcinoma 34 13.51+2.00a  16.385 <.001
Others 14 13.98+2.02a

Table 8. Relationship of SUVmax with tumor diameter in
patients (Z4s)

Table 5. Relationship between SUVmax and gender (z=s) Tumor diameter n SUVmax t/F p
Gender n SUVmax t/F p <5cm 60 11.50+2.01
-4.865  <.001
Male 63 12.43+2.03 >5cm 47 13.38+1.95
0.618 538
Female 44 12.18+2.10

Table 6. Relationship of SUVmax with age (z=£s)

Table 9. Relationship of SUVmax with tumor TNM staging
in patients (z=£s)

Age (yearsold) N SUVmax t/F p TNMstage n SUVmax UF P
I 58 11.77£1.93

<60 48 230212 o 3204 002

> 60 59 12.3542.07 : ’ -1V 49 12.99+2.00

Table 10. Relationship of ALP, N-MID and TPINP with gender (Z=+s)

Gender n ALP (U/L) N-MID (mg/L) TPINP (mg/L)

Male 63 104.43+£19.92 16.92+2.10 63.45+16.65

Female 44 101.87+20.04 16.44£2.19 66.71£17.02

t 0.653 1.143 -0.988

p 516 256 326

3.3 Relationship of ALP, N-MID and TPINP with

clinical-pathological characteristics in patients
Patients with TNM stage III-IV showed significantly higher
levels of ALP, N-MID and TPINP in comparison to those
with TNM stage I-II (p < .05). There were no statistically
significant differences in ALP, N-MID and TPINP among
patients of different genders, ages, pathological types and
tumor diameters (p > .05) (see Tables 10-14).

3.4 The value of ALP, N-MID and other markers in di-
agnosing bone metastasis

Pathological examination serves as the gold standard for diag-

nosing bone metastasis. The areas under the ROC curves for

ALP, N-MID and TPINP in diagnosing bone metastasis were

0.695, 0.734 and 0.837, respectively, with p < .05. The area
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under the curve (95% CI) for lumbar spine BMD was 0.587
(0.470-0.704), p = .139, indicating no statistically significant
diagnostic value for bone metastasis. Specific parameters are
shown in Table 15.

4. DISCUSSION

Patients with bone metastasis frequently suffer from bone
pain and skeletal-related events (SREs), including patholog-
ical fractures and spinal cord compression. The optimal
treatment aims to delay the progression of bone metastasis,
alleviate pain, prevent SREs and improve quality of life. It is
difficult to assess the objective response of metastatic bone
lesions to systemic therapies such as endocrine and cytotoxic
treatments.!”) X-ray examination is the most convenient and
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economical routine method for bone assessment. However, it
is not sensitive to small bone metastasis measuring less than
1 cm. While osteolytic or mixed osteolytic-osteoblastic bone
metastasis can be measured and quantified via CT and MRI,
osteoblastic metastasis cannot be detected by these imag-
ing modalities.’®! Bone scans are a representative imaging
modality for diagnosing and evaluating bone abnormalities,
including bone metastasis, and assessing treatment response.
However, the diagnosis of bone metastasis is primarily based
on the macroscopic assessment, which can only identify the
location, size, shape, and number on imaging studies, and
relies heavily on the physician’s experience.!’ Although this
is a highly useful method, the diagnostic capability of whole-
body imaging is generally considered inferior to SPECT.
SPECT can reveal dense phenomena in bone trauma, in-
flammation, degeneration, and other lesions, which may be
misdiagnosed as cancerous bone metastasis, leading to false
positive results.['”! The initial stage of bone metastasis ex-

hibits only limited skeletal anatomical changes, which can
be detected using SPECT/CT. SPECT/CT has been demon-
strated to enhance the specificity and positive predictive value
of bone scans, offering diagnostic value beyond conventional
bone imaging.['! This study found that lumbar spine BMD
was significantly lower in patients with bone metastasis in
comparison to those without bone metastasis (p < .05), while
no significant differences were observed in femoral neck
BMD or whole-body BMD. Evidence indicates that bone
metastasis is associated with significant bone resorption and
bone loss, with the lumbar spine potentially being more
susceptible to bone metastasis. This may be related to cer-
tain osteolytic substances produced by tumor cells, such as
prostaglandins, which can activate osteoclasts and increase
bone resorption. Because the lumbar spine is located along
the longitudinal axis of human body and plays a role in sig-
nificant daily activities, it has a relatively rich blood supply,
increasing the likelihood of bone metastasis.

Table 11. Relationship of ALP, N-MID and TPINP with age (Z+s)

Age (years old) n ALP (U/L) N-MID (mg/L) TPINP (mg/L)
> 60 48 103.34+21.19 16.71+2.18 65.10+15.58
<60 59 103.40+22.25 16.73+2.24 64.54+17.21
t -0.014 -0.046 0.175
p .989 .963 .862

Table 12. Relationship of ALP, N-MID and TPINP with pathological type (z+s)
Pathological Type n ALP (U/L) N-MID (mg/L) TPINP (mg/L)
Adenocarcinoma 59 104.45+22.38 16.68+2.40 66.64+20.10
Squamous cell carcinoma 34 102.32+21.18 16.28+2.35 61.19+21.16
Others 14 101.41+22.09 17.96+2.46 65.73+£20.45
F 0.167 2.465 0.780
p .847 .090 461

Table 13. Relationship of ALP, N-MID and TPINP with tumor diameter (z+£s)
Tumor diameter n ALP (U/L) N-MID (mg/L) TPINP (mg/L)
<5cm 60 104.13+20.29 16.45+2.19 63.49+18.38
>5cm 47 102.41+21.14 17.07£2.23 66.45+17.10
t 0.427 -1.442 -0.852
p .670 152 .396

Table 14. Relationship of ALP, N-MID and TPINP and TNM staging (z=+£s)
TNM stage n ALP (U/L) N-MID (mg/L) TPINP (mg/L)
-1 58 97.45+19.82 15.12+2.14 60.12+15.65
-1v 49 110.39+21.12 18.62+2.22 70.31+£17.02
t -3.265 -8.286 -3.224
p .001 <.001 .002
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Table 15. The ROC curve parameters of ALP, N-MID and TPINP

Markers ALP N-MID TPINP
Area under the curve (95%CI)  0.695 (0.583-0.808) 0.734 (0.637-0.832) 0.837 (0.758-0.915)
p .001 <.001 <.001

Cut-off value 120.72 U/L 19.00 mg/L 69.90 mg/L
Sensitivity (%) 56.80 54.10 67.60

Specificity (%) 82.90 87.10 85.70

SUV is a viable semi-quantitative parameter representing
the tracer concentration corrected for body weight and in-
jection activity. It is commonly used to assess the uptake
of radionuclide tracers, reflecting the proliferation rate and
metabolic activity of tumor tissue. It greatly aids in dis-
ease diagnosis, treatment efficacy evaluation and prognosis
determination.'® 12! Our study found that adenocarcinoma
patients exhibited significantly lower SUVmax values in com-
parison to patients with squamous cell carcinoma and other
types (p < .05); tumor diameter and TNM staging were inde-
pendent factors influencing SUVmax. Patients with tumors
> 5 cm in diameter and TNM stage III-IV demonstrated sig-
nificantly higher SUVmax values in comparison to those
with tumors < 5 cm in diameter and TNM stage I-II (p
< .05). Patients with tumors that are larger and at later stages
may be more prone to bone metastasis. The higher SUVmax
values observed in squamous cell carcinoma in comparison
to adenocarcinoma may be attributed to the overexpression
of glucose transporter-1 (GT-1) in squamous cell carcinoma
cells, which results in a shorter doubling time and faster pro-
liferation rate. Patients with tumors that are larger and at later
stages exhibit relatively faster proliferation rates and higher
metabolic activity, resulting in relatively higher SUVmax
values.

Among various bone turnover markers, ALP is the most
widely used marker of bone remodeling. Its advantage is that
it is easier and less expensive to measure than other bone
turnover markers. ALP is located in the osteoblast mem-
brane and represents osteoblast activity.''*! Osteocalcin is
a specific non-collagenous protein secreted by osteoblasts,
with approximately one-third hydrolyzed into N-MID in
peripheral blood. N-MID serves as a specific marker re-
flecting osteoblast activity, bone formation, and bone re-
modeling. TPINP is a specific type I collagen deposition
marker that serves as an indicator of bone formation, with its
levels significantly elevated during the occurrence of bone
metabolic diseases. Our study found that ALP, N-MID and
TPINP levels were significantly higher in patients with TNM
stage III-IV in comparison to those with TNM stage I-II (p
< .05). The areas under the ROC curves for ALP, N-MID and
TPINP in diagnosing bone metastasis were all greater than
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0.05, with TPINP (0.837) showing the highest value (p <.05).
It indicates that patients in advanced stages are more prone
to bone metastasis. ALP, N-MID and TPINP may serve as
important biomarkers for distinguishing tumor staging and di-
agnosing bone metastasis, with TPINP demonstrating higher
diagnostic value for bone metastasis. In advanced patients,
tumor proliferation is rapid, making bone metastasis more
likely to occur. Due to tumor invasion, osteoblast activity
and metabolism become abnormal, leading to the elevated
levels of ALP, N-MID and TPINP.

5. CONCLUSIONS

Serum levels of ALP, N-MID and TPINP are significantly
elevated in patients with lung cancer bone metastasis in com-
parison to those without bone metastasis, while SUVmax
shows no significant difference. SUVmax, ALP, N-MID and
TPINP are associated with certain clinical and pathological
characteristics in lung cancer patients. Among these, ALP,
N-MID and TPINP demonstrate potential diagnostic value
for lung cancer bone metastasis.
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