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Background: Up to 44% of lung cancer patients eventually develop bone metastases.
Zoledronic acid has been shown to prevent skeletal-related complications in these patients. Bone
metabolic markers play an important role in the prediction and diagnosis of bone metastasis.
Measurement of serum tartrate-resistant acid phosphatase (TRAP) type 5b and other markers of
bone formation and resorption might determine the response of bone metastasis to zoledronic
acid therapy. Here we report the effect of zoledronic acid on bone metabolic markers in lung
cancer patients.

Methods: Patients with lung cancer metastatic to bone undergoing monthly treatment with
zoledronic acid were enrolled in this study. Serum markers of activity of bone resorption and
formation were collected at baseline, during chemotherapy, before and after zoledronic acid
treatment, and every 2 weeks for the first 6 weeks, and then monthly for a total of 6 months or
earlier, if bone metastases progressed radiologically. Resorption markers included N-terminal
telopeptide of type I collagen, TRAP type 5b, C-terminal telopeptide of type I collagen, and
deoxypyridinoline. Bone-specific alkaline phosphatase was the only bone formation marker
included. The data were analyzed using the linear mixed-effects model and paired #-test.
Results: Twenty-eight participants were enrolled. Thirteen patients could not be evaluated
because of low-quality samples (n = 7), noncompliance (n = 5), or withdrawal of consent
(n=1). During chemotherapy without zoledronic acid, levels of TRAP type 5b remained stable.
Fourteen days after zoledronic acid treatment, mean N-terminal telopeptide of type I collagen,
TRAP type 5b, and bone-specific alkaline phosphatase levels decreased by 41.4% (P = 0.003),
44.9% (P=0.014), and 12.9% (P = 0.031), respectively. These markers remained significantly
decreased during monthly zoledronic acid. C-terminal telopeptide of type I collagen and deoxy-
pyridinoline levels did not change with zoledronic acid treatment.

Conclusion: TRAP type 5b, N-terminal telopeptide of type I collagen, and bone-specific alka-
line phosphatase levels decreased significantly with zoledronic acid treatment in lung cancer
patients with bone metastasis. The rapid response of TRAP type 5b levels to bisphosphonate
therapy makes it an attractive tool for monitoring the efficacy of bone-targeted therapy in lung
cancer patients.
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Introduction

Lung cancer is the most common cause of bone metastasis after breast and prostate
cancers.! Between 19% and 44% of lung cancer patients are affected, with the most
common sites being the vertebral bodies. The malignant activation of osteoclasts
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results in disruption of normal bone remodeling, and the
relative increase in osteoclast activity results in a net loss of
bone, causing severe bone pain, spinal cord compression,
pathological fractures, and hypercalcemia.>?

Bisphosphonates are effective inhibitors of osteoclas-
tic bone resorption, and have demonstrated therapeutic
efficacy in the treatment of hypercalcemia of malignancy,
and lytic and blastic bone metastases.*® Zoledronic acid,
a third-generation bisphosphonate, is a potent inhibitor of
osteoclast activity. Several large, randomized, Phase III
trials have indicated the safety and efficacy of zoledronic
acid in preventing or delaying skeletal-related events in
multiple myeloma, and breast, prostate and lung cancers
with bone metastases.® In addition, when zoledronic acid
was compared with another bisphosphonate (pamidronate),
the incidence of skeletal-related events, such as pathologi-
cal bone fracture and spinal cord compression, was lower
in those who received zoledronic acid.” A significant delay
in median time to first skeletal-related event and reduction
of the annual incidence of skeletal-related events have also
been reported in nonsmall cell lung cancer patients with
bone metastasis.’

Early detection of bone metastases in cancer patients
may provide a rationale for early intervention to prevent or
delay skeletal-related complications. The standard approach
to diagnosis of metastatic bone disease is imaging studies. In
addition to the significant costs involved, these radiological
tests often fail to detect early metastatic bone disease, and
may be ineffective when trying to differentiate healing from
progressive lesions.!%!!

Biochemical markers of bone turnover are technically easy
to evaluate, relatively inexpensive, and can assess changes in
the bone remodeling process associated with osteoporosis and
metastatic bone disease.'*"* Four markers of bone formation
and about 13 markers of bone resorption have been studied
for diagnosis, prognosis, and the monitoring of response to
antitumor therapy." Two bone formation markers, ie, bone-
specific alkaline phosphatase and osteopontin, have shown
diagnostic value in the detection of bone metastases as well as
prognostic value in prediction of survival in cancer patients.'>'¢
As biomarkers of bone resorption, urinary or serum
N-telopeptide of type I collagen (NTx), deoxypyridinoline,
and serum carboxyterminal cross-linked telopeptide of
type I collagen (ICTP) have been widely investigated in a
variety of cancers. Patients with a biochemical response
to bisphosphonate treatment have fewer skeletal-related
events, whereas increases in marker levels predict disease
progression.!”

Tartrate-resistant acid phosphatase (TRAP) type 5b is
a specific serum marker of osteoclast activity and bone
resorption.?’ Studies in breast cancer have shown the clini-
cal value of TRAP type 5b for diagnosis, prognosis, and
monitoring of response to bone-targeted treatment.?!:??
Although high TRAP type 5b activity has been correlated
with bone metastasis and worsening pain levels in advanced-
stage lung cancer, other studies have not confirmed this
association.??’

We hypothesized that TRAP type 5b and other markers
of bone formation and resorption could determine the
response to zoledronic acid and chemotherapy in lung
cancer patients with metastases to bone. In this study, we
measured the bone formation marker, bone-specific alka-
line phosphatase, and the bone resorption markers, NTx,
ICTP, deoxypyridinoline, and serum TRAP type 5b, in lung
cancer patients with bone metastasis, and evaluated the
usefulness of such biochemical bone markers as a disease
response monitoring tool in lung cancer patients treated
with zoledronic acid.

Patients and methods
Patient population and study design

This was a prospective, open-label, single-arm clinical study
designed to evaluate the value of TRAP type 5b and other
bone turnover markers as early indicators of biochemical
response to zoledronic acid in lung cancer patients.

After obtaining informed consent, 28 patients with
histologically proven small/nonsmall cell lung cancer and
lytic bone metastases were enrolled into this study at the
James Graham Brown Cancer Center, University of Louis-
ville, between July 2005 and June 2009.

All patients received monthly intravenous injections of
zoledronic acid 4 mg. The zoledronic acid dose was adjusted
according to calculated creatinine clearance. All patients also
received supplements containing 400-500 IU of vitamin D
and 500 mg of calcium once a day. Chemotherapy, radiation
therapy, targeted therapy, and best supportive care were given
as standard of care.

A serum sample was collected prior to zoledronic acid
therapy for baseline determination of TRAP type 5b activity
and other bone turnover markers. Bone marker levels were
tested every 2 weeks after the first zoledronic acid infu-
sion for the first 6 weeks, and then monthly for 6 months
or earlier in the event of radiological progression of bone
metastases, whichever came first. In patients receiving
chemotherapy, TRAP type 5b was tested with every cycle
of chemotherapy.
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Bone marker tests and assessment

All blood samples were collected into 6 mL EDTA-
containing tubes, except for samples required for bone-
specific alkaline phosphatase testing which were collected
into heparinized tubes as per protocol. All bone turnover
marker assessments were performed at one central labo-
ratory (Veterans Affairs Central Laboratory, Louisville,
KY). Bone-specific alkaline phosphatase and TRAP type
Sb were measured in serum using commercial assay Kkits.
Deoxypyridinoline levels were measured using immunoas-
say kit procedures (Metra Biosystems Inc, Mountain View,
CA), as were serum NTx levels (Ostex International, Seattle,
WA). Baseline creatinine clearance was calculated using the
Cockroft-Gault formula.

Statistical analysis

All results are expressed as the mean =+ standard deviation.
The R 2.10.1 statistical software program was used to analyze
these longitudinal data. This program can be downloaded
from http://www.r-project.org. Mixed-effects regression,
specifically, the linear mixed-effects model, was used for
data analysis. A paired #-test was used to compare treatment
effects on TRAP type 5b levels as well as other bone turnover
markers between consecutive times and baseline. A P value
of <0.05 was considered statistically significant.

Results

Twenty-eight patients were enrolled from July 5, 2009 to
June 9, 2009, and 140 blood samples were tested. Seven
samples were excluded from the final analysis because of low
quality. One patient withdrew their consent to be included in
the study. Samples from a further five patients were missing

due to their noncompliance with follow-up. Data from 15
eligible patients were analyzed.

Statistical analysis using the mixed-effects regression
model and paired #-testing showed that the mean serum TRAP
type 5b level decreased by 44.9% from baseline (4.86 U/L to
2.66 U/L, P = 0.014) by week 2, and remained in the lower
range if the patient continued to receive monthly zoledronic
acid (Figure 1).

Average serum NTx decreased significantly by 41.4%
from a baseline level of 34.50 nM to 20.21 nM (P = 0.003)
by week 2 after initiating zoledronic acid. Levels decreased
in all but one patient, possibly representing disease progres-
sion (Figure 2). NTx levels continued to be suppressed to
lower levels by zoledronic acid treatment until month 5. Two
of the 15 patients showed a decrease in their TRAP type
5b and NTx levels of more than 80%. Levels of the other
two serum bone resorption markers, ICTP and deoxypyri-
dinoline, did not change significantly with zoledronic acid
treatment (P = 0.890 and P = 0.999, Figures 3 and 4). After
treatment with zoledronic acid at week 2, the mean bone-
specific alkaline phosphatase level decreased by 12.9% from
a baseline level 0f36.47 ug/L to 31.76 ug/L (P=0.031) and
continued to decrease significantly to 17.80 ng/L by month 5
(P < 0.0001, Figure 5).

Discussion

After years of research on markers of bone resorption and
formation, good predictors of response to bone-targeting
treatments are still lacking in practice. In several studies,
patients with a biochemical response to bisphosphonate treat-
ment had fewer skeletal-related events, whereas increases in
marker levels predict disease progression.'> 7
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Figure | Effect of zoledronic acid on TRAP 5b levels in lung cancer patients with bone metastases.

Abbreviation: TRAP, tartrate-resistant acid phospatase.
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Figure 2 Effect of zoledronic acid on NTx levels in lung cancer patients with bone metastases.
Abbreviations: NTx, N-terminal telopeptide of type | collagen; nM BCE, nano molar bone collagen equivalents.

A commonly used marker of bone formation is bone-
specific alkaline phosphatase. High bone-specific alkaline
phosphatase levels in metastatic malignancy correlate with
increased osteoblastic activity and increased risk of skeletal-
related events.!>!*? Despite elevated bone-specific alkaline
phosphatase levels in lung cancer patients with bone metas-
tases, there is conflicting evidence regarding the association
between bone-specific alkaline phosphatase and skeletal-
related events.?’*%3! The discrepancy between studies may
be due to differences in patient population, sample size, time
of specimen collection, and the method used to analyze the
samples. In our study, lung cancer patients with bone metas-
tasis had elevated serum bone-specific alkaline phosphatase
levels, and zoledronic acid significantly decreased these

levels, which continued to drop steadily with continuation
of zoledronic acid use (Figure 5).

Elevated NTx, a marker of bone resorption, correlates
with an increased risk of skeletal-related events, disease
progression, and death in prostate and lung cancer patients
compared with patients with low NTx levels.” Treatment with
zoledronic acid in patients with nonsmall cell lung cancer and
bone metastasis tends to reduce NTx levels within a couple of
months, and has been associated with inhibition of osseous
metastases and decreased mortality.’>* Patients with nons-
mall cell lung cancer and elevated NTx levels treated with
zoledronic acid have a reduced risk of death and improved
palliation compared with placebo.** NTx levels in our lung
cancer patients with bone metastases also decreased sig-
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Figure 3 Effect of zoledronic acid on serum carboxyterminal cross-linked telopeptide of type | collagen (ICTP) level in lung cancer patients with bone metastases.
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Figure 4 Effect of zoledronic acid on deoxypyridinoline levels in lung cancer patients with bone metastases.

Abbreviation: PyD, deoxypyridinoline.

nificantly during zoledronic acid treatment. Zoledronic acid
continued to suppress this bone marker during continuation
of treatment (Figure 1). The response of NTx to zoledronic
acid treatment showed a faster decrease than bone-specific
alkaline phosphatase in this study. These results are con-
sistent with previous studies suggesting that both NTx and
bone-specific alkaline phosphatase are useful markers for
monitoring the response to zoledronic acid. However, the
response of NTx to zoledronic acid is more rapid than that
of bone-specific alkaline phosphatase, which may make NTx
a more clinically attractive marker.?7-3%-34

ICTP and deoxypyridinoline are sensitive bone turnover
markers in patients with multiple myeloma.*® ICTP and deoxy-
pyridinoline levels have been found to be significantly increased

in lung cancer patients with bone metastases compared with
those without metastases.?**%3” However, ICTP has not been
as good as NTx as a predictive marker in lung cancer patients
with bone metastases.*® Even though ICTP and deoxypyridi-
noline levels were significantly higher in lung cancer patients
with bone metastases compared with those without metasta-
ses, the data on response of ICTP and deoxypyridinoline to
zoledronic acid in lung cancer patients are limited.?**” In our
study, neither ICTP nor deoxypyridinoline predicted response
to bisphosphonates in lung cancer patients (Figures 3 and 4).
Karapanagiotou et al also reported that ICTP was not elevated
in lung cancer patients.?” The reason for this is not clear.
Serum TRAP type 5b is a specific marker of bone resorp-
tion and represents increased osteoclast activity.* As a new
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Figure 5 Effect of zoledronic acid on bone-specific alkaline phosphatase levels in lung cancer patients with bone metastases.
Abbreviations: bALP, bone-specific alkaline phosphatase levels; IDS, measured by IDS-iSYS Ostase® bone alkaline phosphatase assay (Immunodiagnostics Systems Limited,

Tyne and Wear, UK).
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specific marker of bone metastases, it may play an important
role in diagnosis, evaluating treatment response, and pre-
dicting recurrence or worsening bone metastases in cancer
patients.” Although some studies in lung cancer patients
have shown that TRAP type 5b may be a useful diagnostic
and prognostic marker for bone metastasis, others have not
confirmed these findings.

Ebert et al reported that TRAP type 5b activity was
elevated in lung cancer patients in comparison with healthy
controls, but the mean serum TRAP type 5b level did not
differentiate bone metastases from nonbone metastases in
lung cancer patients.?* Yao et al investigated the association
of TRAP type 5b and lung cancer with bone metastases in
35 newly diagnosed patients and found that high TRAP type
5b activity was correlated significantly with bone metastatic
status and worsening pain level.?

Studies of the diagnostic value of TRAP type 5b levels
in lung cancer with bone metastases have failed to show its
bone specificity.?>*! Most recently, a retrospective study
investigated a panel of bone markers, including two bone
formation markers, ie, bone-specific alkaline phosphatase
and osteocalcin, two bone resorption markers, ie, collagen
type 1 cross-linked C-telopeptide and carboxyterminal pro-
peptide of type I collagen, and four osteoclast regulatory
proteins, ie, osteoprotegerin, receptor activator of nuclear
factor kappa-B ligand, osteopontin, and TRAP type 5b. The
results showed no increase in serum levels of bone-specific
alkaline phosphatase, carboxyterminal propeptide of type I
collagen, or TRAP type 5b in any of the lung cancer groups.
However, the results did show an independent association
between TRAP type 5b levels and increased risk of disease
progression.?’

Although TRAP type 5b may not be a good diagnostic
marker, the present study found a decrease in mean levels
by 44.9% within 2 weeks and persistent suppression in
patients who continued to receive monthly zoledronic
acid (Figure 1). However, the effect of zoledronic acid
on metabolic markers was very variable between patients
and often inconsistent between markers, possibly reflect-
ing independent effects on bone resorption and formation
(eg, chemotherapy, radiation, renal clearance). This study
adds to the evidence that TRAP type 5b levels help to moni-
tor bisphosphonate treatment in lung cancer patients. The
short response time of TRAP type 5b levels would make
them attractive for clinical decision-making. Considering
the variability in serological response, larger studies are
needed to correlate clinical outcomes with changes in
TRAP type 5b levels.

Acknowledgments

The authors would like to thank Anthony J Janckila and Lung
Yam in the Division of Hematology, Veterans Administrative
Medical Center, Louisville, KY, for their assistance with
data collection, discussion, and recommendations. We
also would like to thank Chengxin Li in the Department of
Bioinformatics and Biostatistics, School of Public Health and
Information Science, University of Louisville, for statistical
analysis and discussion.

Disclosures

Funding for the laboratory tests at the Veterans Adminis-
trative Medical Center was made possible by a grant from
Novartis. Otherwise the authors report no conflicts of interest
in this work.

References

1. Bach F, Larsen BH, Rohde K, et al. Metastatic spinal cord compression.
Occurrence, symptoms, clinical presentations and prognosis in
398 patients with spinal cord compression. Acta Neurochir (Wien).
1990;107(1-2):37-43.

2. Tubiana-Hulin M. Incidence, prevalence and distribution of bone
metastases. Bone. 1991;12 Suppl 1:S9-S10.

3. Fulfaro F, Casuccio A, Ticozzi C, Ripamonti C. The role of bisphos-
phonates in the treatment of painful metastatic bone disease: a review
of phase III trials. Pain. 1998;78(3):157-169.

4. Lipton A, Berenson JR. Bisphosphonate treatment of lytic bone
metastases. Drugs Aging. 1999;14(4):241-246.

5. Body JJ. Clinical research update: zoledronate. Cancer. 1997;
80(8 Suppl):1699-1701.

6. Rosen LS, Gordon D, Kaminski M, et al. Zoledronic acid versus
pamidronate in the treatment of skeletal metastases in patients
with breast cancer or osteolytic lesions of multiple myeloma:
a phase III, double-blind, comparative trial. Cancer J. 2001;7(5):
377-387.

7. Saad F, Gleason DM, Murray R, et al. A randomized, placebo-
controlled trial of zoledronic acid in patients with hormone-refractory
metastatic prostate carcinoma. J Natl Cancer Inst. 2002;94(19):
1458-1468.

8. Kohno N, Aogi K, Minami H, et al. Zoledronic acid significantly reduces
skeletal complications compared with placebo in Japanese women with
bone metastases from breast cancer: a randomized, placebo-controlled
trial. J Clin Oncol. 2005;23(15):3314-3321.

9. Rosen LS, Gordon D, Tchekmedyian NS, et al. Long-term efficacy
and safety of zoledronic acid in the treatment of skeletal metastases
in patients with nonsmall cell lung carcinoma and other solid tumors:
arandomized, Phase I1I, double-blind, placebo-controlled trial. Cancer.
2004;100(12):2613-2621.

10. Toloza EM, Harpole L, McCrory DC. Noninvasive staging of non-
small cell lung cancer: a review of the current evidence. Chest. 2003;
123(1 Suppl):137S—-146S.

11. Schumacher T, Brink I, Mix M, et al. FDG-PET imaging for the
staging and follow-up of small cell lung cancer. Eur J Nucl Med.
2001;28(4):483-488.

12. Seibel MJ. Biochemical markers of bone turnover part II: clinical
applications in the management of osteoporosis. Clin Biochem Rev.
2006;27(3):123-138.

13. Oremek GM, Weis A, Sapoutzis N, Sauer-Eppel H. Diagnostic value
of bone and tumour markers in patients with malignant diseases.
Anticancer Res. 2003;23(2A):987-990.

10 submit your manuscript

Dove

Pathology and Laboratory Medicine International 2012:4


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Bone markers in lung cancer patients on zoledronic acid

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

217.

Seibel MJ. The use of molecular markers of bone turnover in the
management of patients with metastatic bone disease. Clin Endocrinol
(Oxf). 2008;68(6):839-849.

Chen SS, Chen KK, Lin AT, et al. The significance of serum alka-
line phosphatase bone isoenzyme in prostatic carcinoma with bony
metastasis. BrJ Urol. 1997;79(2):217-220.

Ramankulov A, Lein M, Kristiansen G, Loening SA, Jung K. Plasma
osteopontin in comparison with bone markers as indicator of bone
metastasis and survival outcome in patients with prostate cancer.
Prostate. 2007;67(3):330-340.

. Berenson JR, Lichtenstein A, Porter L, et al. Efficacy of pamidronate in

reducing skeletal events in patients with advanced multiple myeloma.
Myeloma Aredia Study Group. N Engl J Med. 1996;334(8):488-493.

. Hortobagyi GN, Theriault RL, Porter L, et al. Efficacy of pamidronate

in reducing skeletal complications in patients with breast cancer and
lytic bone metastases. Protocol 19 Aredia Breast Cancer Study Group.
N Engl J Med. 1996;335(24):1785-1791.

. Conte PF, Latreille J, Mauriac L, et al. Delay in progression of

bone metastases in breast cancer patients treated with intravenous
pamidronate: results from a multinational randomized controlled
trial. The Aredia Multinational Cooperative Group. J Clin Oncol.
1996;14(9):2552-2559.

Halleen JM, Alatalo SL, Suominen H, Cheng S, Janckila AJ,
Vaananen HK. Tartrate-resistant acid phosphatase 5b: a novel
serum marker of bone resorption. J Bone Miner Res. 2000;15(7):
1337-1345.

Korpela J, Tiitinen SL, Hiekkanen H, et al. Serum TRACP 5b and
ICTP as markers of bone metastases in breast cancer. Anticancer Res.
2006;26(4B):3127-3132.

Chung YC, Ku CH, Chao TY, Yu JC, Chen MM, Lee SH. Tartrate-
resistant acid phosphatase 5b activity is a useful bone marker for
monitoring bone metastases in breast cancer patients after treatment.
Cancer Epidemiol Biomarkers Prev. 2006;15(3):424-428.

Yao NS, Wu YY, Janckila Aj, et al. Serum tartrate-resistant acid
phosphatase 5b (TRACPSDb) activity as a biomarker for bone metas-
tasis in non-small cell lung cancer patients. Clin Chim Acta. 2011;
412(1-2):181-185.

Ebert W, Muley T, Herb KP, Schmidt-Gayk H. Comparison of bone
scintigraphy with bone markers in the diagnosis of bone metastasis in
lung carcinoma patients. Anticancer Res. 2004;24(5B):3193-3201.
Terpos E, Kiagia M, Karapanagiotou EM, et al. The clinical signifi-
cance of serum markers of bone turnover in NSCLC patients: surveil-
lance, management and prognostic implications. Anticancer Res.
2009;29(5):1651-1657.

Koizumi M, Takahashi S, Ogata E. Comparison of serum bone resorp-
tion markers in the diagnosis of skeletal metastasis. Anticancer Res.
2003;23(5B):4095-4099.

Karapanagiotou EM, Terpos E, Dilana KD, et al. Serum bone turnover
markers may be involved in the metastatic potential of lung cancer
patients. Med Oncol. 2010;27(2):332-338.

Pathology and Laboratory Medicine International

Publish your work in this journal

Pathology and Laboratory Medicine International is a peer-reviewed,
open access journal focusing on innovative basic research and
translational research related to pathology or human disease. The
journal includes original research, updates, case reports, reviews
and commentaries on current controversies. The Academic Sponsor

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Brown JE, Cook RJ, Major P, et al. Bone turnover markers as predictors
of skeletal complications in prostate cancer, lung cancer, and other solid
tumors. J Natl Cancer Inst. 2005;97(1):59-69.

Lorente JA, Morote J, Raventos C, Encabo G, Valenzuela H.
Clinical efficacy of bone alkaline phosphatase and prostate specific
antigen in the diagnosis of bone metastasis in prostate cancer. J Urol.
1996;155(4):1348-1351.

Coleman RE, Major P, Lipton A, et al. Predictive value of bone
resorption and formation markers in cancer patients with bone metas-
tases receiving the bisphosphonate zoledronic acid. J Clin Oncol.
2005;23(22):4925-4935.

Mountzios G, Terpos E, Syrigos K, et al. Markers of bone remodel-
ing and skeletal morbidity in patients with solid tumors metastatic to
the skeleton receiving the biphosphonate zoledronic acid. Trans! Res.
2010;155(5):247-255.

Pectasides D, Nikolaou M, Farmakis D, et al. Clinical value of bone
remodelling markers in patients with bone metastases treated with
zoledronic acid. Anticancer Res. 2005;25(2B):1457-1463.

Lipton A, Cook R, Saad F, et al. Normalization of bone markers is
associated with improved survival in patients with bone metastases
from solid tumors and elevated bone resorption receiving zoledronic
acid. Cancer. 2008;113(1):193-201.

Hirsh V, Major PP, Lipton A, et al. Zoledronic acid and survival in
patients with metastatic bone disease from lung cancer and elevated
markers of osteoclast activity. J Thorac Oncol. 2008;3(3):228-236.
Dizdar O, Barista I, Kalyoncu U, et al. Biochemical markers of bone
turnover in diagnosis of myeloma bone disease. A4m J Hematol.
2007;82(3):185-191.

Zissimopoulos A, Stellos K, Matthaios D, et al. Type I collagen biomark-
ers in the diagnosis of bone metastases in breast cancer, lung cancer,
urinary bladder cancer and prostate cancer. Comparison to CEA, CA
15-3, PSA and bone scintigraphy. J BUON. 2009;14(3):463—472.
Kong QQ, Sun TW, Dou QY, et al. Beta-CTX and ICTP act as indica-
tors of skeletal metastasis status in male patients with non-small cell
lung cancer. Int J Biol Markers. 2007;22(3):214-220.

Nakamura H, Oishi S, Yagyu H, et al. Comparative study of bone
resorption markers for the diagnosis of bone metastasis in lung cancer.
Nihon Kokyuki Gakkai Zasshi. 2002;40(5):355-359. Japanese.
Halleen JM, Tiitinen SL, Ylipahkala H, Fagerlund KM, Vaananen HK.
Tartrate-resistant acid phosphatase 5Sb (TRACP 5b) as a marker of bone
resorption. Clin Lab. 2006;52(9—10):499-509.

Chao TY, Wu YY, Janckila AJ. Tartrate-resistant acid phosphatase iso-
form 5b (TRACP 5b) as a serum maker for cancer with bone metastasis.
Clin Chim Acta. 2010;411(21-22):1553-1564.

Mountzios G, Dimopoulos MA, Bamias A, et al. Abnormal bone
remodeling process is due to an imbalance in the receptor activator of
nuclear factor-kappaB ligand (RANKL)/osteoprotegerin (OPG) axis
in patients with solid tumors metastatic to the skeleton. Acta Oncol.
2007;46(2):221-229.

Dove

of this journal is the Chinese American Pathology Association
(CAPA). The manuscript management system is completely
online and includes a very quick and fair peer-review system.
Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: http://www.dovepress.com/pathology-and-laboratory-medicine-international-journal

Pathology and Laboratory Medicine International 2012:4

submit your manuscript 11

Dove


http://www.dovepress.com/pathology-and-laboratory-medicine-international-journal
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


