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Abstract The purpose of the present study was to

examine of the current role of bone turnover markers

(BTMs) in the management of osteoporosis. Perusal of the

literature examines the available evidence for the utility of

BTMs for decision to treat and for the monitoring of

treatment for osteoporosis. There is no evidence for the use

of BTMs for fracture risk calculation, decision to treat or

for treatment selection. A very abnormal BTM value may

be a clue to the presence of bone pathology other than

uncomplicated osteoporosis. Whilst changes to BTMs fol-

lowing various osteoporosis treatments are well defined,

their utility in monitoring individual patients has been less

well established. Some fracture outcome-based data exist

for the use of u-NTX target of\21 nmol BCE/mmol for

antiresorptive therapy; the equivalent s-CTX level

is *250 ng/L. Suboptimal BTM response to treatment

may indicate non-compliance or the presence of secondary

causes of osteoporosis which may need addressing. Studies

are needed to establish treatment targets based on fracture

outcomes for commonly used BTMs for each established

osteoporosis therapy.
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Biochemical markers of bone turnover (BTMs) are

released during bone formation (bone formation markers)

or bone resorption (bone resorption markers) and can be

measured in blood and/or urine. They are considered to

provide a surrogate measure of the rate of bone formation

and resorption, respectively [1]. The utility of BTMs for

the diagnosis and monitoring of Paget’s disease of bone has

been clearly demonstrated and generally accepted [2].

However, the use of BTMs in the management of osteo-

porosis is more controversial. A joint working group of the

International Osteoporosis Foundation and the Interna-

tional Federation of Clinical Chemistry and Laboratory

Medicine have examined the literature and proposed serum

procollagen type I N propeptide (s-PINP) and serum

C-terminal crosslinking telopeptide of type I collagen (s-

CTX) as reference markers of bone formation and bone

resorption, respectively, and suggested that they be inclu-

ded in future studies in order to accumulate adequate evi-

dence for their utility in the management of osteoporosis

[3]. Standardisation of their measurements is also required

in order for results from studies to be collated. It should be

noted that EDTA plasma (rather than serum) is the opti-

mum sample for CTX stability [3]. Studies are currently

under way to establish reference intervals stratified by age,

sex and, in women, menopausal state [4]. In the meantime,

until these occur, what is the current role of BTMs in the

management of osteoporosis, if any?

Large studies have shown that BTMs are inversely

related to bone mineral density (BMD) and associated with

fracture risk in postmenopausal cohorts [5, 6]. Their pre-

dictive value for fracture in an individual subject is less

clear. A recent meta-analysis showed a moderate but sig-

nificant association between s-PINP and s-CTX and the

risk of future fractures not adjusted for BMD [7]. The

increase in fracture risk was approximately 20 % per
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standard deviation increase in s-PINP or s-CTX. This

gradient of risk is substantially lower than those reported

for the use of femoral neck BMD in the prediction of

fracture where each SD reduction is associated with a

doubling of fracture risk. The meta-analysis was not able to

determine if fracture risk prediction by BTMs was inde-

pendent of BMD, and if so, to what extent [7]. Fracture risk

is now calculated by the use of algorithms such as the

FRAX calculator which incorporates a number of risk

factors including age and BMD, but not BTMs [8]. The

inclusion of BTMs in fracture risk algorithms will have to

await the evaluation of the role of BTMs in fracture risk

prediction independent of other risk factors currently

included in the fracture risk calculation.

However, BTMs may still be useful in the initial

assessment of subjects for osteoporosis. Subjects whose

BTMs lie outside the 95 % limits defined by population

reference intervals may have bone remodelling occurring at

an unusual rate due to a pathological process. Although

studies to examine the utility of reference limits to identify

subjects with secondary causes of osteoporosis are lacking,

pathological processes should be considered in patients

presenting with osteoporosis as a possible explanation for

BTMs that lie outside the reference limits [1, 9]. As to how

extensive the investigations should be to seek a patholog-

ical mechanism for the BTM abnormality, this would

depend on the degree of suspicion which in turn would

depend on the degree of BTM abnormality (a Z score C3

has been suggested [1]), the BMD Z score (a Z score less

than -2.0 indicating a statistical outlier for age) as well as

any unusual clinical presentations such as the presence of a

pathological fracture or unusual minimal-trauma-fracture

for age. On the other hand, it should be noted that an acute

fracture may lead to an increase in bone resorption and

formation markers for 6–12 months, respectively.

The availability of both antiresorptive and anabolic

therapies for the treatment of osteoporosis raises the

question of selecting the treatment modality for individual

patients based on their baseline bone turnover. However,

no evidence exists to support this in practice. Although

theoretically one would envisage choosing an anabolic

agent to treat osteoporosis in low-turnover state and an

antiresorptive agent when bone turnover is high, no study

has stratified patients according to bone turnover in order to

examine the utility of tailoring therapy based on bone

turnover rate. Results of post hoc analysis of some, but not

all, studies with antiresorptive agents do suggest that

treatment benefit may be increased when baseline bone

turnover is high [10] but the converse is not true for ana-

bolic agents. For teriparatide, fracture risk reduction was

shown to be independent of pre-treatment bone turnover;

however, since subjects with the highest pre-treatment

BTM concentrations had the greatest fracture risk, absolute

risk reduction was greatest for women with higher, rather

than lower, pre-treatment bone turnover [11]. Any expec-

tation that patients with low bone turnover would benefit

most from anabolic therapy has not been fulfilled. The

issue of pre-treatment BTM levels in predicting the

response to teriparatide treatment is difficult as patients

suitable for teriparatide are generally not treatment naive

and often will have previous exposure to potent antire-

sorptive agents with residual effects on BTMs.

The use of BTMs in osteoporosis management is most

accepted for monitoring treatment. Some, but not all,

studies have suggested that monitoring therapy with mea-

surement of BTMs may improve adherence to treatment

although improvement in patient outcome has not been

specifically related to the use of BTMs rather than other

aspects of monitoring [12, 13]. Drug trials have generally

been analysed based on intention to treat and not based on

adherence. However, where examined, the degree of

reduction in BTMs following antiresorptive therapy has

been shown to relate to fracture risk reduction [14–16]. The

analysis of the HORIZON study was performed to examine

if very low BTM levels attained after zoledronic acid

therapy were associated with an increase in fracture risk,

which was shown not to be the case. In fact, the authors

found that ‘‘clinical fracture risk was lower in those with

lower levels of PINP at 1 year’’ [16]. With the anabolic

agent teriparatide, an early increase in BTMs has been

shown to be predictive of a subsequent increase in BMD

[17].

With the above caveats, treatment targets need to be

defined for the use of BTMs in monitoring therapy. Urine

NTX and s-CTX are the most responsive BTMs following

antiresorptive treatment [1, 18]. They are two of the most

widely used BTMs in clinical practice. Confirmation of a

treatment effect is shown by a decrease in BTMs greater

than the reference change value (previously known as least

significant change) which, since the direction of change is

known, is H2 9 1.65 9 CV = 2.33 9 CV equating to

*25 % for serum markers and *50 % for urine markers

[19]. However, a statistically significant change in a marker

may indicate a treatment effect only, not optimal effect.

Optimal target values have been defined by experts as\
the mean (not median or the mid-point that are different

due to the skewed distribution) of the pre-menopausal

reference interval [3, 5, 14], which are 27 nmol BCE/mmol

for u-NTX [20] and *300 ng/L for s-CTX but assay

dependent due to inter-assay variations for CTX measure-

ment [21]. The BTM values in the vast majority of bis-

phosphonate-treated osteoporosis patients would be

expected to decrease below these targets, and in those

patients that do not, an explanation for inadequate response

such as non-compliance or a secondary cause should be

sought, and can be found in most [8, 22].
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However, targets based on clinical outcomes (fracture in

this instance) would have a higher level of evidence,

although few studies of such outcomes are available. An

analysis of the fracture intervention trial (FIT) data showed

that alendronate-treated women with[30 % reduction in

bone alkaline phosphatase (B-ALP) at 12 months had a

lower risk of non-spine and hip fractures compared to those

with reductions\30 % [15]. The relationships between the

change in S-CTX and subsequent fracture were similar to

those seen with B-ALP, but did not reach statistical sig-

nificance. Unfortunately, 80 % of the baseline samples and

most follow-up specimens in that study were obtained in

the non-fasting state, compromising the results for s-CTX

which is significantly affected by food intake [15]. This

lack of attention to pre-analytical factors may well have

contributed to the apparent large biological variation and

this could be revisited with more carefully collected

specimens in future studies. A secondary analysis of the

IMPACT study demonstrated that incidence of all fractures

following risedronate therapy was lower in patients with

[30 % reduction in u-NTX or s-CTX compared with

patients who experienced a\30 % BTM reduction [23].

Eastell et al. have established an absolute threshold for

u-NTX associated with the lowest vertebral fracture risk

following treatment with risedronate as 21 nmol BCE/

mmol [14]. This is the only evidence-based treatment tar-

get for antiresorptive therapy currently available. Similar

data for s-CTX are lacking; however, we have established

the equivalent to u-NTX of 21 nmol BCE/mmol as s-CTX

of *250 ng/L [24], but it is assay dependent due to inter-

assay variations [21]. Studies directly examining s-CTX

targets based on fracture outcomes are needed. The targets

may be lower for other antiresorptive agents such as

alendronate, zoledronic acid and denosumab which are

associated with lower post-treatment BTM values than

risedronate therapy [25–27]; studies examining fracture

outcomes with post-treatment BTM for each therapy are

needed. For patients with a low pre-treatment BTM, a

decrease greater than the reference change value in addi-

tion to below the target value would be useful in con-

firming treatment effect [9, 19]. With anabolic therapy, the

bone formation marker PINP is the earliest BTM to show

an increase. The treatment target for s-PINP following

teriparatide therapy has been established as an increase of

[10 lg/L from baseline within 1–3 months, based on

subsequent BMD change [28, 29]; again, fracture-based

targets are needed.

The potential use of BTMs has been advocated for

managing drug holidays which are now utilised to min-

imise the risk of development of osteonecrosis of the jaw

(ONJ) and atypical fractures; however, examination of data

from the fracture intervention trial long-term extension

(FLEX) did not demonstrate a significant association

between either baseline (at discontinuation of alendronate)

u-NTX or B-ALP or a 1- or 3-year change in either marker

with the risk of fracture after discontinuation [30]. Simi-

larly, there is no adequate evidence for the suggested use

[31] of s-CTX measurement to identify bisphosphonate-

treated patients at increased risk of developing

osteonecrosis of the jaw (ONJ) following dental procedures

[32]. A recent publication that is the largest series in which

s-CTX was used in the setting of dental extraction showed

that a threshold of\150 ng/L (Roche Diagnostics assay)

achieved a PPV of 2 % for ONJ, higher than baseline but

clearly still very low [33].

In conclusion, although BTMs currently do not con-

tribute to absolute fracture calculations for osteoporosis

treatment decision, very abnormal BTM may be a pointer

to secondary causes of bone loss or a pathological bone

process. Whilst the evidence for the utility of BTMs in

monitoring therapy is thin, there is evidence for the use of

the target of\21 nmol BCE/mmol for u-NTX equivalent

to s-CTX of less than *250 ng/L for antiresorptive ther-

apy. Further studies are needed to establish authoritative

treatment targets for each BTM with each therapeutic agent

based on fracture outcomes.
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