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[ Abstract] Background and purpose: There is a lack of serum markers for the diagnosis of bone metastasis in patients with
primary lung cancer currently. This study aimed to explore the expression level of serum N-terminal mid-fragment (N-MID) of
osteocalcin (OC) and its functions in the diagnosis and therapy monitoring of bone metastasis in patients with lung cancer. Methods:
A total of 231 patients with clinically classified primary lung cancer in Fudan University Shanghai Cancer Centre from March
2017 to February 2018 were enrolled as the experimental group, including 97 patients with bone metastasis and 134 without bone
metastasis. Sixty-nine healthy adults without cancer were included in the same period as the healthy control group. Serum levels
of N-MID, carcinoembryonic antigen (CEA), neuron-specific enolase (NSE), cytokeratin 19 fragment (CYFRA21-1) and alkaline
phosphatase (ALP) were measured. The correlation with clinical characteristics of bone metastasis in lung cancer was analyzed by
using multivariate logistic regression analysis. Results: Expression levels of N-MID before treatment were significantly higher in the
bone metastasis group than in the group without bone metastasis (P<0.001) and healthy control group (P<0.001). According to the
results of multivariate logistic regression analysis, the serum levels of N-MID (OR=9.265) and NSE (OR=2.688) were risk factors of

bone metastasis in lung cancer patients. The cut-off level of serum N-MID was determined as 14.96ng/mL by the receiver operating
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characteristic (ROC) curve, and the experimental group was divided into two subgroups. The progression-free survival (PFS) of

lung cancer patients whose serum N-MID levels were higher than 14.96ng/mL before treatment was significantly lower than that of

patients with N-MID level lower than 14.96ng/mL (HR=2.040). In lung cancer patients with bone metastasis, the decrease of serum

N-MID level after treatment indicated remission (P<0.001). Conclusion: The serum level of N-MID is closely correlated to the bone

metastasis in lung cancer. The detection of serum N-MID before and after treatment can be applied in both auxiliary diagnosis and

monitoring therapeutic effect in lung cancer patients with bone metastasis.

[Key words] Primary lung cancer; Bone metastasis; N-terminal mid-fragment; Auxiliary diagnosis; Therapeutic effect monitoring
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Tab.1 General information of study population

(m)

Variable Group P value
Bone metastasis No bone metastasis Healthy control

Gender 0.157
Male 76 94 45
Female 21 40 24

Age group 0.152
> 60 years 56 62 31
<60 years 41 72 38

TMN stage <0.001
I 0 74 0
I 0 18 0
I 0 11 0
I\ 97 31 0
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Fig.1 Serum N-MID levels of three groups before treatment

*: P<0.001, compared with bone metastasis group; **: P>0.05,
compared with no bone metastasis group
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Tab. 2 The risk factors of bone metastasis in patients with lung cancer

Monofactor analysis

Multi-factor analysis

Variable
B SE Wald P value OR (95% CI) P value OR (95% CI)
Constant -2.347 0.826 8.070 0.004 0.096
Age group -0.461 0.269 2.945 0.086 0.630 (0.372-1.068)
Gender -0.432 0.311 1.934 0.164 0.649 (0.353-1.193)
Ca 0.472 0.277 2.900 0.089 1.604 (0.931-2.762)
CEA 0.895 0.283 10.001 0.002 2.448 (1.406-4.263) 0.121 1.719 (0.866-3.410)
NSE 1.196 0.299 15.990 <0.001 3.308 (1.840-5.945) 0.007 2.688 (1.305-5.535)
CYFRA21-1 0.754 0.273 7.615 0.006 2.125 (1.244-3.630) 0.058 1.932 (0.978-3.817)
ALP 1.446 0.322 20.139 <0.001 4.247 (2.258-7.988) 0.231 1.609 (0.739-3.503)
N-MID 2.305 0.313 54.116 <0.001 10.027 (5.425-18.531) <0.001 9.265 (4.666-18.397)
100 1 2.4 REEEBHBIIPFSHRT
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14.96 ng/mLAI FIN-MID < 14.96 ng/mL4, %l
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& w0 (HR=2.040, P=0.021, KI3) .
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0 20 0 60 80 00 N
: ‘ JE B ML N-MIDACEHEF TR . A B R 75 &

(1-Specificity)/%

B2 miEN-MIDIZET e & E BHEBAIROCH %
Fig. 2 ROC curve of serum N-MID for the diagnosis of bone

metastasis in patients with lung cancer
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Fig.3 PFS of patients with different N-MID levels

®- No remission or aggravation

-#- Remission

0

Before treatment 3 months later 6 months later
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Fig. 4 Changes of N-MID levels in patients with different

therapeutic effects after treatment

IECTHIPET/CT A G KA H i 2
i SR B R ST Y L R
A REAE X B R AL AL . B AR/ N T4
BRI RoR, (ARSI B Bt . R 25 0 2 Fn by
SEMEAN AR, XELAN A 2
WA A R KA e 2 I, IR AT
TR SRS E R B R ASG vk

‘H¥52 (osteocalcin, OC ) A& F % iy IEHsHE
91 R8BS TR S P 0 A T — el /N g3 BR

REAT . OCHIRILA B AE S B TAE1E
MM T RERS IR UEH 5 BB K A 45 & T DU T4
MAME ST, S8, Arts
LKW, OCEAG BEIL S w5 4n ML RE S, H
2 A A i X 0 1 A0 B 1) R AR R 2= R
PETT VR B, ST OC R AL, 52
OCTEANE ML AT, Zad | B KA, I
WH1/3 858 80C, 1/3 M FME, 134
ZU6f 5 HIN-MID "2 . N-MIDZE Ifi 35 o B BT
PR EPE, BB BRI OCTHKT, gk s
PGB 200 L 3 1 A R BT R B WM T L, 2
— T R AR IR S B R R ) AR AR . 20
5T L7 W, M N-MID/K S 0] VE RS i,
Hges . T MR A TR B T B T RS A
e ERFE P HACE BT & ARE R R
7N, IRTT R E RS AL B RS LIS N-MIDK -
A S v T OB B B AH RN fd Rl X R, i e RS
FE2H 5 f 0 BB 2 18] [ N-MID K - 22 S e 48 12
X, R SR EN-MIDK T8 5 kA B
A, A&, N-MID ( OR=9.265) A
NSE ( OR=2.688 ) & fifif i3 K A B i B I &
SR 2 . NSEE A e 12 Wi A 0 () S8R A
AT BRI i R A R o AN i e, TR AR
REFHBIGE 57K, MIN-MID 5 &1
AR E i . ROCHIZ R, [MiEN-MID2
W i 98 R B RS A UC 1 0.849, HLAG &8 En )
W E. D LSRR, MIEN-MID A AE R fifi
i B E AR B2 W A e R, X5 AT
g 0 gk R

TERE A IR BB B E IR s, XF
P9 E AT R W, DL R T R PEAR
R RIIRERESERIT TR, REREAE
JRE S, R I PRSI S A E s
g - A% B I RYA YT 2R S Ay B A 1k
¥7, [RIBTIBC A BB IR ER IR YT, W B R R 2
YT, R IR 2 H EITE Sz i Ui
BRERE25 T sl JR IR B 6% 0 T 4
(A AT R AR At ] DL S o 2 i 400 S 1 i
IRl =R NI WAk = 04 i e S K= 2 AT
AL AR TRaE Y. M, i



(FPBBZEAERE L) 20214531455 930)

843

FLAN-MID S5 AR bR s M iR B2 AR 1k, AT LA
B Jtides FR A AT RORTU G o AT 3 67 s
PG HEA TR VAR, AR S AR A R 3 A T
2, IEFEAEIMEN-MID/K T B # IPFS,
RIIN-MID>14.96 ng/mL4 % HPFSH] AKX T
N-MID<14.96 ng/mLZ % (HR=2.040) , i}
HIN-MID/K i, R Bk R, T
# o AW R BUIRYT 5 S B E IN-MID7K
SERRAIS, T A L% A 0 2 R A N-MID K
SETCH AR L. BBERT UL, IS N-MIDZK 7 fili
A IE B B I R I AN S PEAL oA R
FEH.

AWEFE I R BRPEE T 8 IR,
it 96 G B e B BB B B U B KD BE D ]
B, ANA R RFEASHT S PEAF 58— 25 43 A i
THN-MID/KF7E B EBEVTH R, IESEN-MID
il i S5 T RSl B i W R A I T T Y
YER .

(& % X Bt

(1] Bhscig, o i g i e L, o O 2 il
o, B A RHABAS T E L AR [ ] . e
fifg 4=, 2020, 42(10): 817-828.
ZHONG W Z, Chinese Thoracic Oncology Group, Chinese

—_

Society of Lung Cancer, et al. Chinses expert consensus on the
multidisciplinary team diagnosis and treatment of lung cancer
[J] . Chin J Oncol, 2020, 42(10): 817-828.

[2] LIS, PENG Y, WEINHANDL E D, et al. Estimated number
of prevalent cases of metastatic bone disease in the US adult
population [ J ] . Clin Epidemiol, 2012, 4: 87-93.

[3] BAISB,LIUDZ CHENG Y, et al. Osteoclasts and tumor cells
dual targeting nanoparticle to treat bone metastases of lung
cancer [ J ] . Nanomedicine, 2019, 21: 102054.

[4] COLEMAN R E. Metastatic bone disease: clinical features,
pathophysiology and treatment strategies [ J | . Cancer Treat
Rev, 2001, 27(3): 165-176.

[5] KOSTEVA J, LANGER C. The changing landscape of the
medical management of skeletal metastases in nonsmall cell
lung cancer [ J ] . Curr Opin Oncol, 2008, 20(2): 155-161.

[6] LUMACHI F, SANTEUFEMIA D A, DEL CONTE A, et al.
Carboxy—terminal telopeptide (CTX) and amino—terminal
propeptide (PINP) of type | collagen as markers of bone
metastases in patients with non—small cell lung cancer [17.
Anticancer Res, 2013, 33(6): 2593-2596.

[7] DELEA T, LANGER C, MCKIERNAN J, et al. The cost of

treatment of skeletal-related events in patients with bone

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

metastases from lung cancer [ J | . Oncology, 2004, 67(5-6):
390-396.
D’ADDARIO G, FELIP E, ESMO GUIDELINES WORKING
GROUP. Non-small-cell lung cancer: ESMO clinical
recommendations for diagnosis, treatment and follow—up [17.
Ann Oncol, 2009, 20(Suppl 4): 68-70.
LI E C, DAVIS L E. Zoledronic acid: a new parenteral
bisphosphonate [ J ] . Clin Ther, 2003, 25(11): 2669-2708.
B, ¥¥H” it ML R bR S M e RS [0 ] .
[E il 22, 2011, 14(3): 286-291.
ZHAO X, WANG M Z. Clinical utility of serum tumor markers
in lung cancer [ J | . Chin J Lung Cancer, 2011, 14(3): 286—
291.
DUFFY M J, O’BYRNE K. Tissue and blood biomarkers in lung
cancer: a review | J ] . Adv Clin Chem, 2018, 86: 1-21.
AU PR 2 il e G S T 7 4 R b 2, v L I SRl
TR MR S A2y L 7 3HRQ019RR) [T ] . il
ki, 2019, 22(4): 187-207.
The Youth Specialists Committee of Lung Cancer, Beijing
Medical Award Foundaton, Chinese Lung Cancer Union. Expert
consensus on the diagnosis and treatment of bone metastasis in
lung cancer (2019 version) [ J | . Chin J Lung Cancer, 2019,
22(4): 187-207.
STERLING J A, EDWARDS J R, MARTIN T J, et al. Advances
in the biology of bone metastasis: how the skeleton affects tumor
behavior [ J | . Bone, 2011, 48(1): 6-15.
TENG X Y, WEI L R, HAN L M, et al. Establishment of
a serological molecular model for the early diagnosis and
progression monitoring of bone metastasis in lung cancer [ J ] .
BMC Cancer, 2020, 20(1): 562.
DONG Y, ZHENG S W, MACHIDA H, et al. Differential
diagnosis of osteoblastic metastases from bone Islands in
patients with lung cancer by single—source dual-energy CT:
advantages of spectral CT imaging [J] . EurJ Radiol, 2015,
84(5): 901-907.
DANE F, TURK H M, SEVINC A, et al. Markers of bone
turnover in patients with lung cancer [ J | . J Natl Med Assoc,
2008, 100(4): 425-428.
NASIM F, SABATH B F, EAPEN G A. Lung cancer [ J ] . Med
Clin North Am, 2019, 103(3): 463-473.
WESTHOFF P G, DE GRAEFF A, MONNINKHOF E M, et al.
An easy tool to predict survival in patients receiving radiation
therapy for painful bone metastases [ J ] . Int J Radiat Oncol
Biol Phys, 2014, 90(4): 739-747.
PILZ L R, MANEGOLD C, SCHMID-BINDERT G. Statistical
considerations and endpoints for clinical lung cancer studies:
can progression free survival (PFS) substitute overall survival
(0S) as a valid endpoint in clinical trials for advanced non—
small—cell lung cancer? [ J | . Transl Lung Cancer Res, 2012,
1(1): 26-35.
RODRIGUES M, STARK H, RENDL G, et al. Diagnostic
performance of [ 18F ] FDG PET-CT compared to bone
scintigraphy for the detection of bone metastases in lung cancer

patients [ J | . Q J Nucl Med Mol Imaging, 2016, 60(1): 62-68.



844

i 11, &

[EN-MIDER A M DR E BFAS HANZMF0SS UM PR B DT

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

T35, Gk, SRR RN ATt ()] .

TE W K KRR, L m R T A S TS

AT HFRSPECT/CTI AR 55 704 (1] . b E R I R, 2020,

47(18): 929-934.

WANG F, NIE H, ZHANG R S, et al. Benefit analysis of chest
SPECT/CT after whole—body bone scan in lung cancer patients
[J] . Chin J Clin Oncol, 2020, 47(18): 929-934.
RIOLA-PARADA C, GARCIA-CANAMAQUE L, PEREZ-
DUENAS V, et al. Simultaneous PET/MRI vs PET/CT in

oncology. A systematic review [ J | . Rev Esp Med Nucl Imagen
Mol, 2016, 35(5): 306-312.

BOOTH S L, CENTI A, SMITH S R, et al. The role of

osteocalcin in human glucose metabolism: marker or mediator?
[ J ] . Nat Rev Endocrinol, 2013, 9(1): 43-55.

MIZOKAMI A, KAWAKUBO-YASUKOCHI T, HIRATA
M. Osteocalcin and its endocrine functions [ J | . Biochem

Pharmacol, 2017, 132: 1-8.

o

=

BiAZRE, 2010, 16(5): 360-364.

JIANG S, HOU J F. Clinical application of determination of
serum osteocalcin [ J ] . Chin J Osteoporos, 2010, 16(5): 360—
364.

LIPTON A, CHAPMAN J A, DEMERS L, et al. Elevated bone
turnover predicts for bone metastasis in postmenopausal breast
cancer: results of NCIC CTG MA.14 [ J ] . J Clin Oncol,
2011,29(27): 3605-3610.

KAMIYA N, SUZUKI H, ENDO T, et al. Clinical usefulness of
bone markers in prostate cancer with bone metastasis [J].Int
J Urol, 2012, 19(11): 968-979.

SALEM A M, ZOHNY S F, ABD EL-WAHAB M M, et al.
Predictive value of osteocalcin and beta—CrossLaps in metastatic
breast cancer [ J ] . Clin Biochem, 2007, 40(16/17): 1201-
1208.

ZHAO H, HAN K L., WANG Z Y, et al. Value of C—telopeptide—
cross—linked type I collagen, osteocalcin, bone—specific
alkaline phosphatase and procollagen type I N-terminal
propeptide in the diagnosis and prognosis of bone metastasis

in patients with malignant tumors [ J ] . Med Sci Monit, 2011,

[30]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

17(11): CR626-CR633.

BILGIN E, YASASEVER V, SOYDINC H O, et al. Markers of
bone metastases in breast and lung cancers [ J | . Asian Pac J
Cancer Prev, 2012, 13(9): 4331-4334.

BAYRAK S B, CEYLAN E, SERTER M, et al. The clinical
importance of bone metabolic markers in detecting hone
metastasis of lung cancer [J].Int] Clin Oncol, 2012, 17(2):
112-118.

GAOY C, LU H K, LUO Q, et al. Predictive value of osteocalcin
in bone metastatic differentiated thyroid carcinoma [J].Clin
Biochem, 2010, 43(3): 291-295.

MANABE J, KAWAGUCHI N, MATSUMOTO S, et al. Surgical
treatment of bone metastasis: indications and outcomes [ J | .
Int J Clin Oncol, 2005, 10(2): 103-111.

SUGIURA H, YAMADA K, SUGIURA T, et al. Predictors of
survival in patients with bone metastasis of lung cancer [ J ] .
Clin Orthop Relat Res, 2008, 466(3): 729-736.

FARIS N R, SMELTZER M P, LU F, et al. Evolution in the
surgical care of patients with non—small cell lung cancer in the
mid-south quality of surgical resection cohort [ J ] . Semin
Thorac Cardiovasc Surg, 2017, 29(1): 91-101.

PLANCHARD D, POPAT S, KERR K, et al. Metastatic non—
small cell lung cancer: ESMO clinical practice guidelines for
diagnosis, treatment and follow—up [J] . Ann Oncol, 2018,
29(Suppl 4): iv192-iv237.

ZHANG W, BADO I, WANG H, et al. Bone metastasis: find
your niche and fit in [ J ] . Trends Cancer, 2019, 5(2): 95-110.

LOPEZ-OLIVO M A, SHAH N A, PRATT G, et al.
Bisphosphonates in the treatment of patients with lung cancer
and metastatic bone disease: a systematic review and meta—
analysis [ J ] . Support Care Cancer, 2012, 20(11): 2985-2998.

SABA N, KHURI F. The role of bisphosphonates in the
management of advanced cancer with a focus on non—-small-cell
lung cancer. Part 1: mechanisms of action, role of biomarkers
and preclinical applications [ J | . Oncology, 2005, 68(1): 10~
17.

(U H . 2021-03-16 &[] H Y. 2021-05-06 )



