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Abstract

Bone turnover markers (BTMs) are increasingly being evaluated for their role in detec-
tion of bone loss, assesment of fracture risk, selecting the most appropriate therapy,
assessment and following of therapeutic response. During the last decade several new
remedies with special mechanisms of action, as denosumab, cathepsin K inhibitors and
anti-sclerostin therapy, have been tested in the treatment of osteoporosis. The clinical
challenge will be to select medications with different effects on bone resorption and for-
mation, alone or in combination, in order to treat osteoporosis patients most effectively.
Therefore, the aim of our analysis of recently published clinical trials was quantifying
differences between teriparatide and new remedies (denosumab, romosozumab,
blosozumab, odanacatib) effects on bone mineral density and the most widely used
BTMs such as procollagen type I N propeptide (PINP) and f§ croos-linked C-telopeptides
(BCTX). Founded differences may contribute not only to better understanding of relation-
ship between various mechanisms of action of these drugs and their influence on the level
of BTMs, but also to their more appropriate choice in the treatment of osteoporosis.
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INTRODUCTION

Osteoporosis is a global healthcare problem due to an
ageing population and raising life expectancy, resulting in
higher morbidity and mortality. Criteria for making diagno-
sis of osteoporosis is based on bone mineral density (BMD)
of the spine and proximal femur, but there are limitations of
BMD measurements such as small annual changes and poor
treatment response. However, biochemical bone turnover
markers (BTMs) may be used to provide missing informa-
tion on bone remodeling. They play an important role in
detection of bone loss, assesment of fracture risk and repre-
sent potential improvement of clinical drug development [1],

subsequent changes in BMD, depend on mechanism of
action of antiresorptive agent, size of change in bone
turnover rate, and route of drug administration[2]. Currently,
treatment strategies include antiresorptive drugs (biphos-
phonates and novel drug denosumab, as the most pre-
scribed), osteoanabolic drugs (teriparatide) and few new
potential drugs (cathepsin K inhibitors and anti-sclerostin
therapy) [31.

Therefore, the aim of this paper is better understanding
of reference bone turnover markers and their utilization in
clinical settings. Pubmed was searched for randomised con-
trolled trials of new therapies for osteoporosis with com-
plete data about drug, its dosage, administration, duration of
therapy and changes in BTMs and BMD. According to clin-
ical trials included in this paper, the most widely used mark-

Bone turnover markers and their role in therapy of
osteoporosis

BTMs have been purposed to be useful in selecting the
most appropriate therapy, than for the assessment and fol-
lowing up the therapeutic response. Changes in BTMs and
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ers are N- terminal propeptide ot type I collagen (PINP) as
formation marker and breakdown products of type I colla-
gen, C- terminal cross-linked telopeptide (BCTX) as marker
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of resorption. During the extracellular processing of type I
procollagen, PINP is enzymatically released, and reflects the
rate of collagen synthesis. B CTX is generated by cathepsin
K and represents breakdown of aged collagen[4].

The new antiosteopototic drugs, bone mineral den-
sity and bone turnover markers

Teriparatide (recombinant human parathyroid hormone-
PTH [1-34]) is the only widely available anabolic agent used
for osteoporosis[3]. Teriparatide increases bone formation on
bone surfaces, bone mass and strength and shows reduction
of the risk of vertebral and nonvertebral fractures. This is
reflected in an elevation of BMD, PINP at peak level and
simultaneous, but smaller increasing of BCTXI5]. So, when
bone remodeling is stimulated, there is still greater bone for-
mation than bone resorption. Some recent, the most inform-
ative studies about teriparatide are presented in Table 1.

Table I near here

Therefore, the additional anabolic agents would be a
welcome option to improve managing patients with osteo-
porosis. In that sence, romosozumab and blosozumab are
monoclonal antibodies that bind to and inhibit sclerostin, so
they initiate a signaling cascade that stimulates osteoblast
activation, differentiation, and bone
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significant stage of development in osteoporosis. Odanacatib
inhibits cathepsin K in osteoclasts and reduces resorption
efficiency of osteoclasts, but preserves their differentiation,
migration, polarization and survival. Odanacatib is a potent
inhibitor of osteoclastic resorption, but with relative mainte-
nance of bone formation and elevation of BMD in dose-
dependent fashion[23]. Decrease in BCTX is greater than
30% which is confirmation of drug efficiency. Otherwise, at
the end of therapy bone formation markers reach values near
baseline.

Relationship between osteoporosis therapy and main
bone turnover markers

During the last decade these several new remedies with
different mechanisms of action have been tested clinically in
the treatment of osteoporosis. Therefore, the aim of our
analysis of recently published original papers was to com-
pare teriparatide’s influence on changes in BMD and BTMs
with such changes of the new remedies in order to quantify
the differences. Found differences may contribute not only
to better understanding of relationship between various
mechanisms of action of these drugs and their influence on
the level of BTMs, but also to their more appropriate choice
in the treatment of osteoporosis.

formation. Also, they decrease bone
resorption, and leed to rapid and
marked increases in BMDI23]. But
they are still in trial stage. BTMs and

16 month

Mean duration of therapy

6 month 60 month 24 month

BMD are changed in dose-depend-
ent manner and the magnitude of
BMD improvements at the lumbar
spine and total hip with multiple
doses were similar to those reported
previously in a single dose studies
(Table 1) [121. Decreased bone
resorption is reflected in decrease of
BCTX level.

Denosumab, a fully human IgG,

40,00

30,007

20,004

10,00

monoclonal antibody that binds to
and neutralizes the activity of recep-

Mean % change of biomarker

tor activator of nuclear factor-kB lig-
and, is a novel antiresorptive treat-
ment. Although it is not as the first-
line pharmacological treatment of
osteoporosis, but can be initiated as a

teriparatide

romosozumab  denosumab

and
blosozumab

odanacatib

first-line choice for treatment of
osteoporosis in certain patients who are intolerant to other
antiresorptive drugs or have renal failure. Denosumab
inhibits osteoclast differentiation, activity, survival, and
consequently, results in decreased bone resorption and
increased BMD. Continued, long-term therapy is required to
maintain the anti-fracture benefitl!7] (Table 1). There is
trend of sustained reductions in BCTX and PINP. If > 30%
decrease for serum BCTX, drug is having desired effect,
therefore this antiresorptive agent is beneficiall24].

There is a special group of antiresorptive agents, cathep-
sin K inhibitors, with unique mechanism of altering bone
metabolism. However, their development has been aban-
doned due to significant side effects, but only odanacatib as
attractive pharmacological treatment still remains at a

Figure 1. near here
Figure 1. PINP and CTX mean procentual changes from base-
line for 1 % of change in BMD

According to Table 1. behavior of mean BMD at lumbar
spine (BMDyypar spine) depends on choice of drug and treat-
ment duration. Consequently, mechanisam of action of drug,
its dosage and route of administration have great impact,
too. Maximum change of mean BMDypar spine 18 13,0 %
with long-term denosumab therapy which is in correlation
with maximum decreasing of CTX.

Figure 1. demonstrates PINP and BCTX responses to
the different drugs, as ratio of their mean percentage changes
from baseline for 1 % of change in BMDyyppar spine- It 18
obvious that the greatest antiresorptive activity belongs to
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denosumab. Minimum change of BMD 44 spine achieve
odanacatinb and teriparatide, 6,4 % and 6,5 %, respective-
ly. Teriparatide as anabolic drug shows the biggest eleva-
tions in PINP, but in same time, the biggest elevation in
BCTX, which can be a reason of smaller then expected BMD
gain. Odanacatib and anti-sclerostin drugs decrease fCTX in
a similar extent and confirm their antiresorptive roles. But,
romosozumab and blosozumab show greater increase in
mean BMDj;par spine  than odanacatib (8,4% and 6,4%,
respectively). It can be because these anti-sclerostin antibod-
ies as teriparatide exhibit anabolic activity with consequent,
great elevations in PINP for 1% BMDjyy b spine, In this
sence, the increase in formation marker is associated with
improvement of BMD, and decrease in bone resorption
marker is evidence of successful antiresorptive treatment.
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CONCLUSION

BTMs have significant role in clinical drug trials and
provide valuable information on the assessment of therapeu-
tic response. BTMs can also be used to predict patients with
greatest benefits from treatment and therefore promote treat-
ment adherence. PINP as bone forming and BCTX as bone
resorption marker hold the promise of monitoring new
forms of treatment. In order to treat osteoporosis patients
the most effectively, the clinical challenge is selecting med-
ications with different effects on bone resorption and forma-
tion and their possible combining.These new approaches to
the treatment of osteoporosis give wider perspectives for
individualized and targeted fracture prevention.

Table 1. Percentage changes in BMD and BTMs acording to following therapy

Study Drug Mean duration Mean % change of BTM Mean % change
of therapy BMDLI1-L4 and BMD of biomarker
TOTAL HIP
Moore AEB et.al.2012 (6)
Frost et al.2013(7) teriparatide 16 month 6,5/2 PINP 241,2
Yu EW et al.2014(8) CTX 142,3
Muschitz C et al.2014(9)
Padhi et al.2011(10)
McClung et al.2014(11) romosozumab| 6 month 8,4/3,3 PINP 194
Padhi et al.2014(12) &blosozumab CTX -46.5
McColm et al.2014(13)
Recker et al.2015(14)
Gatti et al.2012(15)
Papapoulos et al.2012(16) denosumab 60 month 13.0/6,1 PINP -63.3
Mc Clung et al.2013(17) CTX -62,8
Bone et al.2013(18)
Papapoulos et al.2015(19)
Bone et al 2010(20)
Eisman et al.2011(21) odanacatib 24 month 6,4/4 PINP =243
Nakamura et al.2014(22) CTX -42.6
p values < 0.05 from baseline
Sazetak
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Biomarkeri koStanog prometa se sve vise proucavaju zbog svoje uloge u proceni gubitka
kostane mase i rizika od frakture kostiju, zatim ucestvuju prilikom izbora odgovarajuce
terapije 1 tokom pracenja terapeutskog odgovora. U poslednjoj deceniji, nekoliko novih
lekova sa specificnim mehanizmom delovanja kao $to su denosumab, katepsin K inhibitori
i anti-sklerostin terapija, testirani su u tretmanu osteoporoze. Klini¢ki izazov predstavlja
odabir pojedina¢nih lekova ili njihovih kombinacija za efikasan tretman pacijenata
obolelih od osteoporoze zbog njihovog razli¢itog delovanja na procese formiranja i
razgradnje kostiju. Cilj nasSeg proucavanja nedavno objavljenih klinic¢kih studija bilo je
odredivanje razlika izmedu teriparatida i novijih lekova (denosumaba, romosozumaba,
blosozumaba, odanacatiba), kao i njihovog uticaja na gustinu kostiju i markere koStanog
prometa, kao $to su N-terminalni propeptid kolagena tipa I (eng. procollagen type I N
propeptide-PINP) i C-terminalni telopeptid kolagena tipa I (f croos-linked C-telopeptides-
BCTX). Pronadene razlike mogu doprineti, kako boljem razumevanju odnosa izmedu
razli¢itih mehanizama dejstva proucavanih lekova i njihovog uticaja na koncetraciju mark-
era kosStanog prometa, tako i na primenu odgovarajuceg tretmana u lecenju osteoporoze.




134

REFERENCES

1. Bauer DC, Garnero P, Harrison SL,
Cauley JA, Eastell R, Ensrud KE et al.
Osteoporotic Fractures in Men (MrOS)
Research Group.Biochemical markers of bone
turnover, hip bone loss, and fracture in older
men: the MrOS study. J Bone Miner Res.
2009;24(12):2032-8.

2. Farahmand P, Marin F, Hawkins F,
Moricke R, Ringe JD, Gliier CC et al. Early
changes in biochemical markers of bone forma-
tion during teriparatide therapy correlate with
improvements in vertebral strength in men with

glucocorticoid-induced osteoporosis.
OsteoporosInt.2013;24:2971-2981.

3. Geusens P. New insights into treatment
of osteoporosis in postmenopausal women.
RMD Open.2015;1(Suppl1):¢000051.

4. Civitelli R, Armamento-Villareal R,
Napoli N. Bone turnover markers: understand-
ing their value in clinical trials and clinical
practice. Osteoporos Int. 2009;20(6):843-51

5. Krege JH, Lane NE, Harris JM, Miller
PD. PINP as a biological response marker dur-
ing teriparatide treatment for osteoporosis.
Osteoporos Int. 2014;25(9):2159-71.

6. Moore AE, Blake GM, Taylor KA, Ruff
VA, Rana AE, Wan X et al.. Changes observed
in radionuclide bone scans during and after teri-
paratide treatment for osteoporosis. Eur J Nucl
Med Mol Imaging. 2012; 39(2):326-36.

7. Frost ML, Moore AE, Siddique M, Blake
GM, Laurent D, Borah B et al. '[1F-fluoride
PET as a noninvasive imaging biomarker for
determining treatment efficacy of bone active
agents at the hip: a prospective, randomized,
controlled clinical study. J Bone Miner Res.
2013;28(6):1337-47.

8. Yu EW, Kumbhani R, Siwila-Sackman
E, DeLelys M, Preffer FI, Leder BZ et al.
Teriparatide (PTH 1-34) treatment increases
peripheral hematopoietic stem cells in post-
menopausal women. ] Bone Miner Res.
2014;29(6):1380-6.

9. Muschitz C, Kocijan R, Fahrleitner-
Pammer A, Pavo I, Haschka J, Schima W et al.

MD MEDICAL DATA / Vol. 10 N© 3 / Septembar-September 2018.

Overlapping and continued alendronate or
raloxifene administration in patients on teri-
paratide: effects on areal and volumetric bone
mineral density—the CONFORS Study. J Bone
Miner Res. 2014;29(8):1777-85.

10. Padhi D, Jang G, Stouch B, Fang L,
Posvar E. Single-dose, placebo-controlled, ran-
domized study of AMG 785, a sclerostin mono-
clonal antibody. J Bone Miner Res.
2011;26(1):19-26.

11. McClung MR, Grauer A, Boonen S,
Bolognese MA, Brown JP, Diez-Perez A et al.
Romosozumab in postmenopausal women with
low bone mineral density. N Engl J Med.
2014;370(5):412-20.

12. Padhi D, Allison M, Kivitz AJ,
Gutierrez MJ, Stouch B, Wang C et al. Multiple
doses of sclerostin antibody romosozumab in
healthy men and postmenopausal women with
low bone mass: a randomized, double-blind,
placebo-controlled study. J Clin Pharmacol.
2014;54(2):168-78.

13. McColm J, Hu L, Womack T, Tang
CC, Chiang AY. Single- and multiple-dose ran-
domized studies of blosozumab, a monoclonal
antibody against sclerostin, in healthy post-
menopausal women. J Bone Miner Res.
2014;29(4):935-43.

14. Recker RR, Benson CT, Matsumoto T,
Bolognese MA, Robins DA, Alam J et al. A
randomized, double-blind phase 2 clinical trial
of blosozumab, a sclerostin antibody, in post-
menopausal women with low bone mineral den-
sity. J Bone Miner Res. 2015;30(2):216-24.

15. Gatti D, Viapiana O, Fracassi E,
Idolazzi L, Dartizio C, Povino MR et al.
Sclerostin and DKK1 in postmenopausal osteo-
porosis treated with denosumab. J Bone Miner
Res. 2012 ;27(11):2259-63.

16. Papapoulos S, Chapurlat R, Libanati C,
Brandi ML, Brown JP, Czerwinski E et al. Five
years of denosumab exposure in women with
postmenopausal osteoporosis: results from the
first two years of the FREEDOM extension. J
Bone Miner Res. 2012;27(3):694-701.

17. McClung MR, Lewiecki EM, Geller
ML, Bolognese MA, Peacock M, Weinstein RL

M Rad primljen: 13.09.2018. / Rad prihvac¢en: 03.10.2018

et al. Effect of denosumab on bone mineral den-
sity and biochemical markers of bone turnover:
8-year results of a phase 2 clinical trial.
Osteoporos Int. 2013; 24(1):227-35.

18. Bone HG, Chapurlat R, Brandi ML,
Brown JP, Czerwinski E, Krieg MA et al. The
effect of three or six years of denosumab expo-
sure in women with postmenopausal osteoporo-
sis: results from the FREEDOM extension. J
Clin Endocrinol Metab. 2013;98(11):4483-92.

19. Papapoulos S, Lippuner K, Roux C, Lin
CJ, Kendler DL, Lewiecki EM et al. The effect
of 8 or 5 years of denosumab treatment in post-
menopausal women with osteoporosis: results
from the FREEDOM Extension study.
Osteoporos Int. 2015; 26(12):2773-83.

20. Bone HG, McClung MR, Roux C,
Recker RR, Eisman JA, Verbruggen N et al.
Odanacatib, a cathepsin-K inhibitor for osteo-
porosis: a two-year study in postmenopausal
women with low bone density. ] Bone Miner
Res. 2010; 25(5):937-47.

21. Eisman JA, Bone HG, Hosking DJ,
McClung MR, Reid IR, Rizzoli R et al.
Odanacatib in the treatment of postmenopausal
women with low bone mineral density: three-
year continued therapy and resolution of effect.
J Bone Miner Res. 2011;26(2):242-51.

22. Nakamura T, Shiraki M, Fukunaga M,
Tomomitsu T, Santora AC, Tsai R et al. Effect
of the cathepsin K inhibitor odanacatib adminis-
tered once weekly on bone mineral density in
Japanese patients with osteoporosis—a double-
blind, randomized, dose-finding study.
Osteoporos Int. 2014;25(1):367-76.

23. Shah AD, Shoback D, Lewiecki EM.
Sclerostin inhibition: a novel therapeutic
approach in the treatment of osteoporosis. Int J
Womens Health. 2015;7:565-80.

24. Gallagher JC, Tella SH. Prevention and
treatment of postmenopausal osteoporosis. J
Steroid Biochem Mol Biol. 2014 ; 142:
155-170.

25. Chapurlat RD.Odanacatib: a review of
its potential in the management of osteoporosis
in postmenopausal women. Ther Adv
Musculoskelet Dis. 2015;7(3):103-9.

Aktuelne teme/ Current topics



