Markers of Bone Turnover in Bone
Metastasis from Prostate Cancer
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Bone homeostasis is achieved through a continu-
ous remodelling process on the bone surface of
the balanced resorption of old bone by osteo-
clasts and the formation of new bone by osteo-
blasts. Local and systemic growth factors regulate
the differentiation and activity of the osteoclasts
and osteoblasts (and osteocytes). Maintenance
and repair of normal bone result in the release of
enzymes, peptides and mineral components that
have been characterised as serum and urinary
biochemical markers of bone remodelling [1].
High bone turnover in cancer patients is crucial
for all the steps of bone metastatic disease, from
the homing of circulating cancer cells into the
bone (premetastatic niche) to the complication of
bone metastasis (BMT) (skeletally related events
[SREs]). Therefore, elevated bone turnover
marker could predict bone metastasis, risk of
bone progression and risk of SREs, potentially
becoming a potent prognostic predictor (Fig. 2.1).
For this reason, biochemical markers of bone
remodelling are potentially an ideal tool for eval-
uating changes in bone turnover, such as those
associated with malignant bone lesions and
response to treatment. Osteoclast and osteoblast
activity (and probably that of cancer cells) is
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associated with the release of distinct biochemi-
cal markers that are amenable to non-invasive
measurements of the blood or urine.

Breakdown products of type I collagen by oste-
olysis as cross-linked collagen peptides (the amino
(N)- and carboxy (C)-terminal cross-linked telo-
peptide of type I collagen, NTX and CTX, respec-
tively), and the terminal peptides that are cleaved
from procollagen before its integration into new
bone matrix (e.g. procollagen type I N-terminal
and C-terminal peptides, or PINP and P1CP), can
provide meaningful insights into the ongoing
effects of tumour growth on bone turnover
(Fig. 2.2). Bone-specific alkaline phosphatase
(bone ALP) concentrations in serum reflect the
ongoing rate of osteogenesis [2]. The International
Osteoporosis Foundation and the International
Federation of Clinical Chemistry and Laboratory
Medicine recommend that a marker of bone for-
mation (serum procollagen type I N propeptide)
and a marker of bone resorption (serum C-terminal
telopeptide of type I collagen) be used as reference
analytes for bone turnover markers in clinical
studies [2] (Fig. 2.3). Nowadays, a number of bone
markers can be determined using enzyme immu-
nological procedures (enzyme-linked immunosor-
bant assay) by means of a commercial kit that can
be easily adapted to laboratory automated
machines to achieve greater analytical reliability
during determination compared with manual
methods [3]. Although a great deal of the data in
the literature are obtained on markers analysed
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Fig. 2.1 Bone turnover is usually very high in prostate
cancer (PC) patients for many reasons (aging, vitamin D
deficiency, androgen deprivation therapy, or abiraterone
or enzalutamide, cytokines released from primary cancer
and for metastatic cancer cells activating the bone micro-
environment). High bone turnover increases the rate of
bone loss and impairs bone quality, increasing the risk of
fragility fractures. Consensually, high bone turnover pro-
motes the homing of circulating cancer cells and the pro-
motion of the so-called osteoblastic premetastatic niche.
A clinically evident bone metastasis (BMT) develops

from urine samples (i.e. NTX), analysis of makers
of bone turnover on serum and plasma are recom-
mended because of lower inter- and intraindivid-
ual variability [2]. Standardised assays are
available for many bone turnover markers and nor-
mal or reference ranges for several markers have
been established. As the normal range changes
with age and sex, selection of appropriate refer-
ence values is critical for data interpretation [2, 4].
In systemic metabolic bone diseases, such as
osteoporosis, primary hyperparathyroidism and
osteomalacia, biochemical markers reflect ongo-
ing rates of bone resorption and formation in the
body as a whole. Therefore, bone marker assess-
ments in “focal” diseases, such as Paget disease or
BMT, do not provide information specific to indi-
vidual lesion sites. Moreover, changes in bone

Premetastatic niche

Bone metastasis

and grows due to the effect of growth factors released
from bone matrix breakdown. The increase in size of the
BMT into a frail bone finally increases the risk of an
SRE. In a patient with PC bone disease, all these steps
are present at the same time as a continuum in the skel-
eton. ADT androgen deprivation therapy, CTIBL cancer
treatment-induced bone loss, SRE skeletal related event
(fracture, pain, cord compression, orthopaedic surgery,
radiotherapy), yellow cell osteoclast, red cell osteoblast,
blue cell PC cell

marker levels are tissue specific (bone) and not
disease specific and are associated with an imbal-
ance in skeletal metabolism independently of the
underlying cause [1, 5]. In cancer patients, bone
turnover markers may be very high for many con-
comitant causes, such as age, vitamin D deficiency,
adjuvant hormone therapy and BMT, but it is
impossible to distinguish the contributions of the
different components that elevate the marker lev-
els in the serum and urine (Figs. 2.1 and 2.3). For
example, NTX levels were similar in PC patients
on androgen deprivation therapy with and without
BMT. Furthermore differences between bone
resorption markers and bone formation markers
were not found in patients with BMT from differ-
ent cancers [6, 7]. In an attempt to differentiate the
source of the marker (BMT vs non-metastatic
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Fig. 2.2 Schematic representation of the amino-terminal
propeptide procollagen type 1 (P/NP), N-terminal cross-
linking telopeptide collagen type 1 (NTX), and C-terminal
cross-linking telopeptide collagen type 1 (CTX). PINP
epitope is used as a marker of bone formation. NTX, CTX
and ICTP epitopes are used as markers of bone resorption
on type I collagen. CTX epitope is constituted by an eight-
amino acid sequence on the C-telopeptide of al. The

skeletal), the non-isomerised form of CTX and
type I collagen breakdown products generated by
matrix metalloprotease (ICTP), apparently more
specific for BMT breakdown, have been evaluated
(Fig. 2.2) [8].

The clinical utility of bone markers as diag-
nostic indicators of bone metastatic disease and
as prognostic indicators has been extensively
examined. Several studies have revealed an
association between bone turnover marker and
the presence or progression of skeletal metasta-
ses from prostate cancer (PC) [9, 11, 12]. In
these studies the formation marker and resorp-
tion markers are elevated in the case of typical
osteoblastic osseous metastasis expressing a
disrupted balance between bone formation and
resorption. PINP, bone sialoprotein (BSP), and
osteoprotegerin (OPG) showed more signifi-

\

CTX

cross-linked carboxy-terminal telopeptide collagen type 1
(ICTP) epitope is a larger conformational epitope includ-
ing at least two telopeptides and the first phenylalanine of
the phenylalanine-rich region. It is a product of metallo-
protease breakdown of collagen type 1. As shown in the
figure, cathepsin K degrades the ICTP epitope whereas it
generates CTX

cant differences between PC patients with and
without BMT. BSP is not a typical bone marker
and works as a general tumour marker [13]. In
addition to being elevated in PC patients with
BMT, OPG correlates with the extent of osse-
ous metastasis. Furthermore, in association
with RANKL, it may predict recurrence after
radical prostatectomy [14-16]. PINP as bone
ALP correlates with the extent of osseous
changes (bone scan index). Bone ALP had the
highest diagnosis accuracy (72% sensitivity,
88 % specificity) and PINP the greatest diag-
nostic specificity (92%) [11]. Recently, the
elevated alkaline velocity was found to be an
independent predictor of OS and BMT-free sur-
vival in patients with CRPC [17]. On the other
hand, recent data do not confirm the diagnostic
performance of P1NP. Current consensus is that
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Fig. 2.3 Schematic representation of the origin of pep-
tides used as markers of bone formation and reabsorption
of bone by osteoblasts, osteoclasts, osteocytes and cancer
cells. NTX and CTX derived from bone breakdown by
osteoclasts through cathepsin K, ICTP mainly by cancer
cell bone breakdown through metalloproteases. Cathepsin
K and TRAPS are expressed from osteoclasts during their
osteolytic activity. Periostin (PN) is stored by osteoblasts
during bone formation, but released during osteoclast
activity. It is also expressed directly from cancer cells.

the diagnostic sensitivity and/or specificity of
bone markers for the presence of BMT or the
prognostic role of bone lesion progression are
not sufficient to utilise the results to diagnose
BMT [18]. The mean values of the areas under
the ROC curve from several studies were 0.81,
0.80 and 0.77 for PINP, bone ALP and ICTP
suggesting that these markers might have diag-
nostic values in interaction with safely defined
reference thresholds or during their course [5,
10, 19]. Data on the use of bone markers as pre-
dictors for SRE and survival are quite encour-
aging [18, 20]. Retrospective analyses of data
from phase III trials of zoledronic acid in
patients with CRPC and BMT showed that both
baseline and on-study elevation in bone marker
levels, specifically NTX, were associated with
increased risks of SRE, disease progression and
death [18, 21-23]. A high baseline level of uri-

Premetastatic niche

Bone metastasis

PINP and alkaline phosphatase (ALP) expressed from
osteoblasts are used as markers of bone formation.
Osteoblasts also express vascular endothelial growth fac-
tor (VEGF) and chemokine (SDF-1), RANKL and osteo-
protegerin (OPG). DKK-1 and sclerostin are expressed by
osteocytes, osteoblasts and PC cells. Bone sialoprotein
(BSP), osteopontin (OPN), transforming growth factor-1
(TGF-p) and insulin-like growth factor-1 (IGF-1) are
released from bone matrix during osteoclastic (and can-
cer) bone reabsorption (see text for details)

nary NTX (above 180 nmol/mmol creatinine)
was associated with a more than 2.5-fold
increase in the risk of death (RR 2.58, 95 % CI
1.92-3.47) compared with low baseline levels
of NTX (<55 nmol/mmol creatinine) [18, 22].
Also, baseline bone ALP was associated with a
4 % increase in the risk of death and SRE per
200 IU/L increase. Elevated bone ALP levels at
baseline were associated with a shorter time to
the first on-study SRE and a shorter time to the
first pathological fracture. The cumulative inci-
dence of SRE over a 1-year period was nearly
doubled (50.7% vs 26.5%) among patients
with elevated versus normal baseline bone ALP
[23]. Adequate suppression of NTX and bone
ALP levels during treatment (zoledronic acid
plus docetaxel vs docetaxel alone) was associ-
ated with longer survival time, and similar
results have been confirmed by others [23, 24].
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Recently, bone ALP velocity (>6.3 IU/L/year)
was found to be an independent predictor of over-
all survival in CRPC. A fivefold increase in death
was observed among CRPC patients with rapid
bone ALP velocity (OR 5.11, 95% CI 2.24—
11.67) [17]. Other more recent bone markers
have been found to be associated with prognosis
in PC patients. PINP and ICTP were associated
with survival after 15 months of zoledronic acid
therapy [25]. Baseline and 3 months after, zole-
dronic acid PINP and CTX predict survival and
(only PINP) risk of SRE [26]. The association of
CTX or NTX with PINP confirmed the prognos-
tic role of these bone markers [27].

The data summarised above suggest that bone
turnover markers might be useful to optimise the
use of bone-targeted therapy for metastatic bone
disease. Promoting lifelong therapy contradictory
with the paucity of data regarding the usefulness
and the safety (osteonecrosis of jaw and atypical
hip fractures) of treatment durations with bone-
modifying agents beyond 2—3 years. The serial
measurement of BTMs could be a strategy in tai-
loring the therapy regimen and could help the
decision on the optimal duration of antiresorptive
therapy, which could allow treatment frequency to
be reduced and even theoretically removed for
periods in the context of optimal bone metabolism
control [28]. In summary, at present, the potential
for the clinical use of markers of bone turnover for
diagnosis, prognosis and monitoring therapy in
cancer patients with BMT remains unfulfilled and
the routine use of these markers cannot yet be rec-
ommended. As stated in consensus publications,
there is a need for harmonisation, standardisation
and common reference ranges [18, 29, 30]
although a recent position paper solicited their
introduction into a clinical setting [28].

2.1 New Bone Markers

2.1.1 ICTP

ICTP, which reflects non-osteoclastic bone
resorption mediated by  metalloproteases
(MMPs), is liberated to the bloodstream during
pathological conditions. Serum ICTP is relatively

insensitive to changes in bone remodelling medi-
ated by normal osteoclastic activity.

In a retrospective analysis of four bone mark-
ers (NTX-1, ICTP, total ALP, and TRAP5b) in
breast cancer patients with and without BMTs,
only ICTP and TRAPS5b were significantly higher
in those patients with BMTs compared with those
without (visceral metastases or no metastases).
The ICTP and TRAPSb levels were also related
to the number of BMTs on the other hand [31].
Furthermore in another study in breast cancer
patients comparing a cohort with and without
BMTs, ICTP was the marker with higher sensi-
tivity (65 %), and it had similar specificity to
bone ALP (91 vs 92 % for bone ALP) [32].

In a prospective cohort study, three bone mark-
ers (NTX-1, ICTP, and bone ALP) were tested in
123 patients with various metastatic cancers, 26
of which were extraosseous only (45 bone-only
and 52 bone plus visceral). NTX-1 and ICTP, but
not bone ALP, were associated with bone disease
progression. Moreover, NTX-1 had the highest
sensitivity (70 %), specificity (80%), positive
(72 %), and negative (79 %) predictive values for
bone disease progression in the set of markers
analysed (for an increase X30% from baseline).
Curiously, when assessing ICTP, not only did it
increase in the context of bone and extraskeletal
progression, but it also did not decrease with
bisphosphonate (BP) therapy [9]. This led the
authors to speculate that ICTP could represent a
bone collagen product derived from an osteoclast-
independent mechanism of bone degradation
(MMP-1 action on bone collagen) and therefore
not influenced by BP therapy (Fig. 2.3).

2.2  Periostin

Periostin is a highly conserved matricellular pro-
tein that shares close homology with the insect
cell adhesion molecule fasciclin 1. Periostin is
expressed in a broad range of tissues, including
the skeleton, where it serves both as a structural
molecule of the bone matrix and as a signalling
molecule through integrin receptors and Wnt-
beta-catenin pathways, stimulating osteoblast
function and bone formation. The development
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of periostin-null mice has allowed the crucial role
of periostin in dentinogenesis and osteogenesis to
be elucidated, in addition to the skeletal response
to mechanical loading and parathyroid hormone.
Periostin binding to the integrins activates the
Akt/PKB- and FAK-mediated signalling path-
ways, leading to increased cell survival, angio-
genesis, invasion, metastasis, and, importantly,
epithelial-mesenchymal transition of carcinoma
cells [33]. In situ RNA hybridisation in biopsies
of breast cancer metastases showed that the peri-
ostin gene was highly expressed in the stromal
cells immediately surrounding the tumour but not
within the breast cancer cells themselves [34].
Although periostin is highly expressed in various
types of human cancers, its function is still
unclear. In mice the administration of PN1-Ab, a
neutralising antibody of periostin, significantly
inhibited the growth of primary tumours and met-
astatic tumours, associated with the prevention of
bone destruction, resulting in increased survival
of mice. In addition, in vitro, PN1-Ab signifi-
cantly inhibited the proliferation, migration, and
invasion of 4T1 mouse breast cancer cells, which
produced periostin [35]. Nude mice were inocu-
lated with human MDA-BO02 breast cancer cells.
Mouse-derived periostin was markedly overex-
pressed (eightfold) in metastatic legs compared
with non-inoculated mice. Serum periostin levels
were also markedly increased in metastatic mice
and correlated with in situ expression levels.
Immunostaining showed that periostin is derived
from the surrounding stromal cells of BMT. It
was suggested that periostin might be a biochem-
ical marker of the early stromal response associ-
ated with breast cancer BMT formation [36]. The
use of circulating periostin as a potential clinical
biomarker has been explored in different non-
skeletal conditions. These include cancers and,
more specifically in the metastasis process, respi-
ratory diseases such as asthma, kidney failure,
renal injury, and cardiac infarction. A study
including breast cancer and small cell lung can-
cer patients showed that serum periostin levels
were elevated in breast cancer patients presenting
with BMTs compared with similar breast cancer
patients with no evidence of BMT. No correlation
was found between the serum periostin level
and any other prognostic factors, such as clinical

stage and lymph node metastasis in breast cancer
[37]. In postmenopausal osteoporosis, serum lev-
els have been shown to predict the risk of frac-
ture—more specifically non-vertebral—indepen-
dently of bone mineral density. Because of its
preferential localisation in cortical bone and peri-
osteal tissue, it may be speculated that serum
periostin might be a marker of cortical bone
metabolism, although additional studies are
clearly needed (Fig. 2.3) [36].

2.3  Bone Sialoprotein

and Osteopontin

Small integrin-binding ligand N-linked glycopro-
teins (SIBLINGs), a family of five integrin-
binding glycophosphoproteins, including
osteopontin (OPN) and bone sialoprotein (BSP),
are an emerging group of proteins used by cancer
cells to facilitate expansion [38].

High levels of OPN and BSP expression could
enhance the affinity of metastasis of cancer cells
to the bone. However, the value of OPN and BSP
in predicting BM and survival in NPC has not
been elucidated. It has been suggested that OPN
is overexpressed and associated with tumour pro-
gression in various cancers, including breast can-
cer and PC [39, 40].

SIBLING expression in different osteotropic
cancers may be useful for establishing the risk of
BMT in cancer patients. For example, increased
expression of BSP in many osteotropic cancers,
including PC, may predict BMT in this cancer [41].

Studies examining BSP levels in primary
breast cancer tissue suggest that elevated levels
of this SIBLING might be prognostic for shorter
survival and correlate with the development of
BMT [42]. Similarly, elevated levels of BSP in
the blood correlate with, and may be predictive
of, BMT in several osteotropic malignancies,
including the breast, lung, prostate, and multiple
myeloma [43].

Serum BSP levels in PC increase only in the
later stages of the disease, calling into question
the prognostic value of BSP in PC [13, 44]. Some
authors consider BSP and OPN to be general
tumour markers rather than exclusive bone mark-
ers, as serum levels also increase in localised PC,
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and currently BSP and OPN are seen as bone
markers with ambivalence (Fig. 2.3) [5, 44].

2.4  Sclerostin and DKK-1

Among the potential markers, dickoppf-1
(DKK-1) and sclerostin have shown interesting
evidence, as they have been found to be elevated
in  different cancer types, including
PC. Sclerostin and dickkopf-1 (DKK-1) are spe-
cific inhibitors of Wnt signalling and are also
considered as bone remodelling markers.
Sclerostin is produced by osteocytes, whereas
DKK-1 is produced by osteoblasts and by a
variety of different cells in several tissues,
including cancer cells. Both sclerostin and
DKK-1 are secreted into the circulation, and
serum levels reflect the inhibition of bone for-
mation. Wnt proteins physiologically induce the
differentiation and maturation of osteoblasts,
and the secretion of Wnt proteins was shown to
increase bone formation in osteoblastic metasta-
ses [45]. DKK-1 is a negative regulator of bone
formation by antagonising the Wnt pathway,
and it is also involved in the proliferation of
stem cells and tumorigenic processes. The
expression of DKK-1 in PC samples is conflict-
ing, because literature data report either an
increase or a non-significant change in PCa
samples. Sclerostin is a related cysteine-rich
glycoprotein that is predominantly secreted by
osteocytes. Sclerostin interaction with LRP5/
LRP6 leads to complex formation with Kremen
and subsequent degradation, therefore leading
to inhibition of Wnt signalling. Given the cen-
tral role played by Wnt proteins within bone
biology, the involvement of Wnts and Wnt
inhibitors in PC-induced osteoblastic metasta-
ses has been extensively investigated.
Interestingly, gene and protein expression in
BMT specimens from PC patients showed that
sclerostin and DKK-1 were not significantly dif-
ferent in osteoblastic and osteolytic metastases
[46]. There are conflicting results on the levels
of DKK-1 in PC patients with or without BMTs
[47, 48]. Cumulative data suggest that the bal-
ance between Wnt and Wnt inhibitors might
determine the osteogenic nature of PCa skeletal

metastases and that DKK-1 may serve as a
molecular switch between osteolytic and osteo-
blastic aspects of PCa BMTs. The use of DKK-1
and sclerostin as markers of bone turnover in a

clinical setting seems rather premature
(Fig. 2.3).
2.5 Other Emerging Markers

of Bone Metastatic Disease
from Prostate Cancer

New biomarkers, in combination with traditional
markers of bone turnover, could help to improve
the strategy for managing bone metastatic dis-
ease. Recently, xMAP multiplex technology has
been developed, enabling the simultaneous mea-
surement of large numbers of circulating bio-
markers in a small sample volume.

In a recent study, nine new bone markers were
tested by a commercially available multiplex
Human Cancer/Metastasis Biomarker Panel [49].
Dickkopf-related protein 1 (DKK-1), growth dif-
ferentiation factor 15 (GDF15), neuron-specific
enolase (NSE), osteoprotegerin (OPG), osteonec-
tin, periostin, tartrate-resistant acid phosphatase
(TRAPS), tumour necrosis factor-related weak
inducer of apoptosis (TWEAK), and chitinase-3-
like protein 1 (YKLA40) were tested in patients with
BMTs from prostate, breast, lung and pancreatic
cancer and compared with carboxy-terminal telo-
peptide (CTX) and procollagen type 1 N-terminal
propeptide (PINP). Among the nine new markers
of BMT, only GFDI15, TRAPS, TWEAK, and
YKLO40 showed a promising profile.

Growth differentiation factor 15 (GDF15) is a
divergent member of the transforming growth
factor-p (TGF-p) superfamily, also known as mac-
rophage inhibitory cytokine-1 (MIC-1), prostate-
derived factor (PDF), placental TGF-p (PTGF-p),
placental bone morphogenetic protein, and nonste-
roidal anti-inflammatory drug-activated gene-1
(NAG-1). GDF15 expression level is usually low
in resting cells, but may be substantially increased
following a response to diverse cellular stress sig-
nals, such as hypoxia, inflammation, short-wave-
length light exposure, acute tissue injury and
during cancer progression. The deregulation of
GDF15 expression has been associated with
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diverse human disease development and cancer
progression. The GDF15 level was increased in
the serum of patients with various cancers, includ-
ing melanoma, oral squamous cell carcinoma, and
gastrointestinal, colorectal, pancreatic, prostate,
breast, and cervical epithelial cancers. GFDI15
resulted in higher levels in patients with BMT than
in controls. DF15 may play an anti-tumoral role
during the early stages of cancer, but, conversely, it
can promote invasiveness and metastatic behav-
iour at advanced stages, and is involved in the
epithelial-mesenchymal transition in tumours
[50]. The roles of GDF15 in modulating osteoclast
differentiation and in therapy for BMTs from PC
have recently been identified [51].

Westhrin et al. described the role of GDF15 in
osteoclast differentiation and showed an associa-
tion between high serum GDF15 level and bone
disease in multiple myeloma [52].

A further promising marker for BMT in the
multiplex panel is TRAPS. This is one of the
most abundant enzymes in osteoclasts and is a
well-known marker of osteoclast activity and
bone resorption. Elevated TRAP levels are found
in many benign metabolic bone diseases such as
Paget disease, haemodialysis, primary hyper-
parathyroidism, and metastatic malignancies
involving bone resorption, multiple myeloma and
bilateral ovariectomy [53]. TRAP has been found
to be elevated in patients with BMTs compared
with patients with no BMTs, in patients without
treatment (denosumab) compared with the con-
trol group, and in patients with extensive BMTs
[54, 55]. Recently, TRACP-5b, pyridinoline
cross-linked carboxy-terminal telopeptide of
type I collagen (1CTP), N-terminal cross-linking
telopeptides of type I collagen (NTX), and bone-
specific alkaline phosphatase (BAP) were mea-
sured in breast cancer patients with BMTs treated
with zoledronic acid or denosumab. Although
bone-modifying agents reduced the baseline lev-
els of TRACP-5b, NTX, and BAP significantly,
the reduction patterns differed. TRACP-5b
appears to affect levels most quickly and sensi-
tively, possibly because of its direct link to the
number and activity of osteoclasts [56].

Tumour necrosis factor-related weak inducer
of apoptosis is a member of the TNF ligand
superfamily and is also a multifunctional soluble

cytokine. TWEAK mRNA and protein have
mainly been detected in endothelial cells, acti-
vated monocytes and T cells, macrophages, and
dendritic cells. The multiple biological effects of
TWEAK are mediated by binding to its cognate
receptor Fnl4 and include cell death, apoptosis,
inflammation, angiogenesis, and cell prolifera-
tion. For these characteristics, TWEAK is an
established key player in the pathogenesis of
inflammatory diseases. Serum levels of TWEAK
were found to be higher in patients with solid
tumour and bone metastatic disease compared
with patients without metastases in the bones.
TWEAK plays a role in the progression of mul-
tiple myeloma and may facilitate bone destruc-
tion and solid tumour spread into bones [57].

Finally, higher serum levels of YKL40
(chitinase-3-like protein 1) were found in the
bone metastasis groups compared with the con-
trols. YKL40O is secreted by chondrocytes,
synovial cells and macrophages and is suspected
to play a role in remodelling or degradation of
the extracellular matrix [58]. YKL40O has been
found to be related to testosterone tissue levels
in nipple aspiration fluid of patients with breast
cancer and in breast cancer cell lines [59]. It
plays a role in inflammation and tissue remodel-
ling in several human diseases. YKL4O is
described as being associated with a poor out-
come of metastatic PC and non-small cell lung
cancer (NSCLC) and a marker for early death in
PC. Thus, it could serve as a new prognostic
biomarker in patients [60].

Interestingly, when these new markers were
compared with “classic” bone markers, such as
CTX and PINP, the best marker of BMTs was
PINP, whereas the five novel markers surpris-
ingly performed better than CTX [49].
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