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Introduction

Biochemical Markers of Bone Metabolism
Approximately 70% of cancer patients, mainly those
with breast and prostate cancer, tend to develop bone
metastases during the disease course. Moreover, bone
lesions could occur in patients with hematological ma-
lignancies, mainly multiple myeloma.[1-3] In addition
to a large surface area, bones have several characteris-
tics that allow the growth of cancer cells. The regula-
tion of bone metabolism depends on the balance be-
tween the activity of osteoclasts and osteoblasts. Both
osteolysis and osteogenesis are associated with the re-
lease of biochemical markers in the blood or urine.[4]
Therefore, collagen peptides, the degradation products
of osteolysis (e.g., amino [N]-and carboxy [C]-termi-
nal cross-linked telopeptides of type I collagen or NTX
and CTX), and biochemical markers of bone metabo-
lism and terminal peptides cleaved from procollagen
before integrating into the new bone matrix (e.g., pro-
collagen type I N-terminal and C-terminal peptides
[PINP and PICP]) could provide significant insights
into the effects of tumor growth on bone turnover.[5]
While serum levels and urinary concentration reflect
the rate of osteolysis, the serum levels of bone-specific
alkaline phosphatase (bone ALP) reflect the rate of
osteogenesis. Furthermore, certain bone metabolism
markers could be associated with both osteolysis and
osteogenesis (e.g., osteocalcin).[5] Although changes
in bone biomarkers are not disease-specific, these are
associated with the changes in bone metabolism inde-
pendent of the underlying cause.[4]

Osteoprotegerin (OPG) and osteopontin (e.g., it
is one of the valuable biomarkers due to the effects of
parathyroid hormone on bones) are possibly associated
with prognosis in patients with bone metastases.

Prognosis

Bone Marker Levels and Risk of Clinical Events
Because the levels of bone markers reflect the bone
turnover, they could provide important clinical in-
formation on patients’ risks of skeletal-related events
(SREs) and death. Consequently, assessing the bone
markers could identify patients requiring intense fol-
low-ups and/or interventions (currently, level 2 evi-
dence). For example, a substantial increase in the levels
of bone resorption markers could be an early indicator
of an upcoming fracture in patients with metastatic cas-
tration-resistant prostate cancer (CRPC), which could
provide a basis for the early application of preventive
approaches.[6] Data on the levels of bone markers with
clinical outcomes are summarized below.

NTX and Bone ALP

Phase III trials have been conducted on zoledronic acid
to study its association with prognosis by monitoring
the levels of bone markers in patients with multiple
myeloma and breast cancer (n=1,648), CRPC (n=643),
and lung cancer or other solid tumors (n=773) and
bone metastases. [7-9] Increases in the levels of bone
markers at baseline and during the trial in patients
with solid tumors and bone metastases were associated
with SREs, disease progression, and increased risk of
death.[5,7] Although statistical heterogeneity was not
reported for outcomes, increases in the levels of bone
marker compared to the baseline revealed a statisti-
cally more significant correlation. For example, when
patients with baseline NTX levels equal to or above
100 nmol/mmol and those with lower NTX levels were
compared, the RR of SREs was found to be 1.59 (95%
confidence interval [CI]=1.17, 2.14; p=0.003). Simi-
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larly, an increase in the ALP during the study has also
been associated with an increased risk of disease pro-
gression and death.[10] In these phase III trials, similar
correlations were recorded between the levels of bone
markers and clinical outcomes in patients receiving
bisphosphonate treatment. In these studies, increases
in NTX and bone ALP levels in patients with different
solid tumors and bone metastases were significantly
correlated with the increased risks of SREs, death, and
disease progression.[11] In these analyses, NTX levels
were classified as high (100 nmol/mmol creatinine),
medium (50-99 nmol/mmol creatinine), and low (<50
nmol/mmol creatinine). The strongest correlation with
clinical outcomes was demonstrated when patients
with high NTX levels during the trial were compared
with those with low levels. Although the correlation
pattern between NTX levels and clinical outcomes was
similar in all patients, the strongest correlation was
found in those with breast and prostate cancer. In ad-
dition, the correlation between serum bone ALP levels
(categorized as high and low using a cut-off value of
146 U/L correspondings to the upper limit of normal
for that test) and the risks of SREs, disease progression,
and death was assessed in these analyses. A strong cor-
relation was found with high bone ALP levels in this
trial.[11] Furthermore, a significant correlation was
found between high levels of bone marker and the
risks of skeletal complications and death during data
analyses of CRPC patients included in the ZOL phase
IIT trial.[12,13] The risk of death increased by more
than 2.5-fold with the NTX levels equal to or higher
than 180.5 nmol/mmol (RR=2.58; 95% CI=1.92, 3.47;
p<0.001). The results were obtained by comparing the
data of patients with high and low (<54.5 nmol/mmol)
baseline NTX levels.[13]

When assessed as a continuous variable, every in-
crease of 50 nmol/mmol compared to the baseline NTX
levels was associated with a 5% increase in the risk of
death (p<0.001). In addition, each increase of 200 U/L
compared to the baseline bone ALP levels was associ-
ated with a 4% increase in the risk of death (p<0.001).

Other Markers

In addition to NTX and bone ALP, certain other mark-
ers could have prognostic value in patients with bone
metastases. However, there is limited evidence for var-
ious markers, including OPG, PINP, and TRAcP-5B.
[14-19] Recent evidence suggests that PINP is par-
ticularly a promising marker for metastatic bone dis-
ease. For example, baseline PINP levels were approxi-
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mately 2.3-fold higher in patients with bone metastases
compared to those without bone metastases and with
breast or ovarian cancer (n=100).[20] In a study, oral
clodronate or placebo was administered as an adju-
vant for two years in addition to the standard therapy
in patients diagnosed with breast cancer. In the retro-
spective subgroup analyses of this study, including 851
female patients, increases in PINP levels within the
first year of treatment were possibly associated with
the long-term risk of development of bone metastasis.
[21] In a study in patients with PC (n=65), PINP levels
were more strongly correlated than the PSA levels with
the development of bone metastases.[16] Nevertheless,
to date, the majority of the studies have not assessed
the levels of these markers. Therefore, the usefulness of
these markers can be confirmed by analyzing the data
obtained from large patient populations.

Importance of Normalization of Bone Markers Dur-
ing Treatment

Data obtained from the ZOL phase III trials showed a
substantial decrease in the risk of death in patients who
experienced a decrease from high baseline NTX levels
to normal NTX levels within three months compared
to those who had continuously increasing NTX levels
(a decrease of 48% to 59% depending on the type of the
tumor; all of the population [p<0.02]).[22] In addition,
similar correlations were shown between the normal-
ization of NTX levels and SRE-free or bone lesion pro-
gression-free survival data. Similarly, in the subgroup
analyses in patients with breast cancer, normalization
of NTX levels within 3 months was associated with a
decrease of approximately 50% in the risk of first SRE
(RR = 0.504; 95% CI=0.318, 0.798; p=0.0034), and the
risk of first pathological fracture or orthopedic surgery
(RR=0.486; 95% CI=0.294, 0.805; p=0.005) was signif-
icantly low.[23] Furthermore, a decrease in the NTX
levels has been reported to decrease the risk of a nega-
tive clinical outcome.

Changes in bone markers were examined in ran-
domized phase II trials of denosumab in patients with
bone metastases due to prostate, breast, or other solid
tumors. Among female patients with a diagnosis of
breast cancer and bone metastasis (n=255), more than
65% of the decrease in the NTX levels was detected up
to the 13th week in 74% of the patients who were on
denosumab.[24] In the second trial, denosumab treat-
ment was associated with fewer total SREs. However,
none of these trials examined the correlation between
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the risk of SRE and the decrease in NTX levels. There-
fore, data obtained from phase III trials with longer fol-
low-ups are required.

Several studies have demonstrated that the levels of
bone markers could provide prognostic information in
patients with malignant bone diseases. Although the
greatest evidence to date is for NTX and bone ALP,
certain studies have reported that PINP could be use-
ful as well. Nevertheless, several questions remain to be
answered, including those about identifying the “nor-
mal” and “high” levels of markers, identifying the most
appropriate marker among the markers measured in
serum or urine, optimal timing of bone marker assess-
ments, and lack of consensus on the optimal intervals
of bone marker kinetic measurements.[25] Adjuvant
therapies might considerably change the levels of bone
markers in early-stage cancer patients, especially in pa-
tients with breast or prostate cancer. Most aromatase
inhibitor therapies are associated with a substantial
increase in bone resorption several months after the
treatment.[26] There is evidence showing that early
increases in the NTX and bone ALP levels predicted
long-term bone loss in postmenopausal early-stage
breast cancer. However, sufficient data are not avail-
able to support their use as indicators of fractures.
[27] Androgen deprivation therapy (ADT) using go-
nadotropin-releasing hormone agonists in patients
with hormone-resistant prostate cancer is associated
with simultaneous increases in bone loss and levels of
bone markers.[28,29] Androgen deprivation increases
the levels of NTX and bone ALP in hormone-naive pa-
tients as well as in patients with non-metastatic prostate
cancer.[30] In addition, bone ALP levels greatly in-
creased in patients who developed bone metastasis and
received ADT compared to those without skeletal in-
volvement who received ADT.[30] In contrast, anti-an-
drogen therapy (e.g., bicalutamide monotherapy) did
not increase the levels of bone markers.[30] Further-
more, bone marker levels are affected by antiresorptive
therapies used to prevent bone loss during ADT.[31-
33] Nevertheless, these are preliminary studies, and
more data are required to confirm the correlations be-
tween bone marker levels and the risk of bone loss and
fractures during hormone therapy for cancer. Further-
more, the potential use of elevated levels of bone mark-
ers to predict the development of bone metastases is yet
to be studied in an adjuvant setting, and more studies
are warranted to show the importance of bone marker
assessments in patients without bone metastases.
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Pre-treatment Bone Marker Levels Identify Which
Patients Will Benefit from Bone-targeted Therapy

Bone marker assessments might provide valuable in-
formation on metastatic bone diseases and aggres-
siveness. Similarly, several analyses have revealed the
prognostic importance of bone markers in patients re-
ceiving bone-targeted therapy. Although the available
data correlating the bone marker levels with treatment
benefits are limited, early studies with NTX and bone
ALP in patients with other solid tumors (excluding
breast and prostate cancers) provided the rationale to
examine these types of correlations further.[19,34,35]
For example, the analgesic effect of pamidronate was
reduced in patients with painful bone metastases show-
ing normalization in NTX or CTX levels compared to
those who did not show normalization in these levels.
[36] The latest reports demonstrated that patients with
high NTX levels that normalized during zoledronic
acid treatment had better survival compared to those
with high NTX levels.[22] Nonetheless, patients with
high baseline NTX levels (an indicator of increased dis-
ease burden in bones) could benefit more from bone-
targeted therapies as they are at higher risk for SREs,
which potentially restrict daily life. Additional analyses
were performed using the data obtained from patients
enrolled in these studies to further examine the cor-
relations between bone marker levels and clinical out-
comes. A multivariable analysis in patients with bone
metastasis due to non-small cell lung cancer (NSCLC)
provided level 2 evidence that baseline NTX levels fur-
nished information on the clinical benefits obtained
with zoledronic acid treatment. Patients with bone
metastasis due to NSCLC enrolled in phase III, mul-
ti-center, randomized, placebo-controlled zoledronic
acid trial (4 mg by a 15-minute infusion every three
weeks up to 21 months) were included in this analy-
sis, and analyses were performed using baseline NTX
levels.[9,37] In this first study on the use of zoledronic
acid in patients with NSCLC, the risk of SRE decreased
substantially (p=0.028).[38] In the sub-group analy-
sis of 262 patients with baseline NTX assessment, the
risk of death was similar in patients with normal base-
line NTX levels (<64 nmol/mmol creatinine; n=118)
whether they received zoledronic acid or placebo
(RR=1.326; p=0.223). In contrast, zoledronic acid re-
duced the risk of death by 35% compared to placebo
(RR=0.652; p=0.025) in patients with high baseline
NTX levels (64 nmol/mmol creatinine; n=144).[38] A
meta-analysis of data obtained from three phase III tri-
als on zoledronic acid in patients with BC, CRPC, or
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lung cancer and other solid tumors was performed to
examine further the effects of zoledronic acid on the
survival of patients with metastatic bone disease and
increased bone resorption (n=1,642).[38] These analy-
ses only included patients with available baseline bone
marker assessments and baseline data for all common
variables. The results showed that the predictive ben-
efits of bone markers in patients with metastatic bone
disease provided level 3 evidence. In patients with high
NTX levels (64 nmol/mmol creatinine), zoledronic
acid substantially reduced the risk of death by 17%
compared to placebo (RR=0.828; p=0.034).[38] Sim-
ilar results were reported for patients with consider-
ably high baseline NTX levels (100 nmol/mmol crea-
tinine), and zoledronic acid substantially reduced the
risk of death by 26% compared to placebo (RR=0.736;
p=0.006).[39] Nevertheless, the survival benefit was in-
significant in patients with normal baseline NTX levels
who received zoledronic acid treatment.

Although these results are encouraging, only ret-
rospective analyses provide a correlation between the
biochemical markers of bone turnover and clinical
outcomes. These findings show that pre-treatment as-
sessments of NTX and bone ALP levels in patients who
received bisphosphonate for bone metastases could be
useful in studying disease progression. Nevertheless,
prospective studies are required to confirm the impor-
tance of NTX (or other bone markers) for survival ben-
efits obtained from bone-targeted therapies.

Bone Marker Levels and Treatment Decisions

Pharmacokinetic studies demonstrated that bispho-
sphonates are rapidly cleared from blood circulation
and absorbed by the skeletal system and are particu-
larly concentrated in bone resorption areas.[39-41]
Nevertheless, the concentration of bisphosphonates in
the bone tissue of patients with metastatic bone disease
considerably varies among patients. The long-lasting
antiresorptive activity of bone-targeted agents shows
that these agents are stored in the bone for a prolonged
duration. Osteolysis is not only associated with the re-
lease of growth factors from the bone matrix but also re-
leases the stored bisphosphonates.[42] Therefore, bone
resorption rate during treatment depends on several
factors, including bisphosphonate skeletal retention,
matrix-associated bisphosphonate loss, and reuptake
process-“recycling”-by osteoclasts.[43-45] Therefore,
bone marker levels during the treatment could reflect
an integrated index of the effect of bisphosphonates on
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osteoclast-mediated bone resorption. The continuous
increase in the levels of bone marker could reflect the
need for more intense treatment in patients with ma-
lignant bone diseases. Based on the evidence obtained
from phase III registry studies, current clinical practice
guidelines support the use of bisphosphonate treat-
ment according to the dosing schedules approved for
up to 2 years in patients with malignant bone diseases.
Treatment models longer than two years are variable,
with only anecdotal data showing that low-frequency
bisphosphonate treatment is sufficient to protect skele-
tal health for longer than two years. Another possibil-
ity is discontinuing bone-targeted agents during the
asymptomatic period and reinitiating the treatment
in case symptoms reoccur. Patient-based strategies
should minimize potential side effects and optimize
treatment efficacy. OPTIMIZE-2 trial (n=650) assessed
the efficacy of zoledronic acid administered monthly
or every three months for 48 weeks in 290 random pa-
tients with breast cancer and bone metastasis who had
been previously treated with intravenous bisphospho-
nate (9 doses).[46] In this study, an important endpoint
was the assessment of monthly changes in the levels of
bone markers of both treatment arms (monthly or ev-
ery three months ZOL). Nevertheless, more such trials
are required in patients with different types of cancers
to elucidate the potential of changes in the levels of
bone markers to select the right treatment strategy.

Detection of Cancer-related Bone Diseases: Do
Bone Markers Have a Role in Screening Bone
Lesions?

Several small trials have reported the correlations be-
tween bone biomarker levels and bone involvement/
bone disease progression in various malignancies.
Nonetheless, more research and trials are required be-
fore bone markers are integrated into routine screening
protocols for malignant bone diseases.

Information Obtained from Non-bone Markers

Bone sialoprotein (BSP) is a tumor marker associated
with skeletal metastasis. Preclinical data show that it
mediates the invasiveness to stroma surrounding the
breast and pancreatic cancer cells, thereby facilitating
metastasis.[47,48] A small trial in patients with breast
cancer (n=39) reported higher levels of BSP in pri-
mary breast cancer to correlate with the risk of bone
metastasis (p=0.008).[49] In addition, in a larger trial
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that examined the paraffin blocks of 454 patients di-
agnosed with breast cancer, elevated levels of BSP in
the tumor tissue had prognostic importance for shorter
survival, especially in patients with lymph node-nega-
tive diseases.[50] Moreover, bone metastasis developed
in 22% of patients with BSP-positive tumors.[50] In
addition, another study reported that the expression of
BSP in the primary tumor was strongly correlated with
the development of bone metastasis (p<0.001), and
the overall survival results were poor in these patients
(p=0.02).[51] Furthermore, serum BSP levels corre-
lated with metastasis-free survival (p=0.03).[52] Lastly,
the ectopic expression of dentin sialophosphoprotein
(which shares structural and genetic similarities with
BSP) in the prostate cancer tissue correlated with the
pathological stage (p=0.0087) and high Gleason score
(p=0.0176).[53] In addition, the study on enzymes as-
sociated with the metastatic process can provide in-
formation on the disease course. For example, a pilot
study in patients with bone metastasis due to breast
cancer indicated that high levels of matrix metallopro-
teinase (MMP)-9 during the initiation of bisphospho-
nate treatment were associated with a shorter time to
develop the symptomatic bone disease (i.e., SREs).[54]

PSA is a standard diagnostic and follow-up tool
in prostate cancer. A trial including non-metastatic
prostate cancer patients with increasing PSA despite
ADT (n=201) with a baseline PSA level above 10 ng/
mL and a high PSA rate (PSA increase rate over time)
reported a three-fold or more increase in the risk of
bone metastasis (p<0.001 for each). The survival was
found to be low in these patients.[55] In other trials,
LDH levels, alpha-1-chymotrypsin-PSA complex, and
HER-2/neu were identified as potential prognostic fac-
tors in prostate cancer with bone metastasis.[56-58]
However, further trials with larger patient populations
are required.

Conclusions

Several trials have evaluated the possible roles of bone
turnover markers of bone diseases in the diagnosis,
prognosis, and patient follow-ups. Considering the
heterogeneity of available markers and their levels in
different types of cancers, routine use of bone markers
in clinical practice is not recommended at this stage.
Moreover, bone markers or bone marker panels in
combination with disease-specific markers (e.g., PSA)
may prove to be more beneficial than a single bone
marker. Nevertheless, bone markers can provide more
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useful information in addition to other established di-

agnostic and follow-up methods.

o Level 1 evidence: Bone marker assessments have an
established role in the preclinical and early clinical
development of bone-targeted therapies. Moreover,
they provide appropriate, relatively non-invasive
tools during dose-ranging and pharmacodynamic
studies.

o Level 2 evidence: Bone marker levels may be bene-
ficial to predict the progression of bone metastases,
the ongoing risk of SREs, and mortality in patients
with the malignant bone disease (in the presence
or absence of bisphosphonate treatment). The
most beneficial markers to date are NTX in mul-
tiple myeloma and breast cancer and bone ALP in
CRPC.

o Level 2 evidence: Early changes in the bone marker
levels during bisphosphonate treatment might pre-
dict long-term benefits.

o Level 3 evidence: Currently, bone markers are
not adequately sensitive to safely detect the bone
metastases individually, to compare the efficacies
of different bone-targeted therapies, or to drive the
dosage and frequency of bisphosphonate treatment
in patients with malignant bone disease.

 Further prospective trials are required.

Assessing the correlations between the changes in
the levels of bone markers and clinical outcomes in an
individual and not population could be significant in
« comparing more than one marker in a single study,
 developing markers to estimate the future risk of

bone metastases,

« adapting the bisphosphonate treatment for individ-
ual patients,

+ evaluating the non-bisphosphonate bone-targeted
agents and their effects on bone metabolism,

« standardizing the laboratory tests for bone markers,
and

« precisely determining the “normal® and "high” lev-
els of bone markers in patients with malignant bone
lesions.

In brief, research in the field of bone markers is
rapidly expanding. Although the absolute levels of
bone markers have prognostic significance for patients
with bone metastases or multiple myeloma and early
reductions in the levels of bone markers during bis-
phosphonate treatment, have predicted the therapeutic
effect, the role and benefit of bone markers in guiding
therapeutic decisions for individual patients remain to
be determined. Therefore, bone marker data could as-
sist in assessing the risk of worsening skeletal health
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of a patient. However, bone markers are not ready to
be used instead of established diagnostic and follow-up
techniques yet.
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