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Abstract. The article deals with the problems of osteoporosis (OP) treatment
in male patients in whom the disease often remains undiagnosed and untreated
despite the progress made in understanding the mechanisms of development,
principles of diagnostics, prevention and treatment of OP. Medications used for
the treatment and prevention of OP represent a large and diverse group of drugs
according to their mechanism of action. A common property, allowing to combine
these drugs in one pharmaceutical group, is their predominant influence on bone
remodeling processes, as well as calcium homeostasis. In this article the results of
clinical trials were examined according to the evaluation of the effectiveness of
antiosteoporotic drugs in males with OP. Men with an increased risk of fractures
should be recommended antiosteoporotic drugs, for which the evidence of efficacy
in clinical trials in relevant cohorts of patients has been obtained.
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Despite the progress made in understanding of the mechanisms of
development, principles of diagnostics, treatment and prevention of osteoporosis
(OP), the disease often remains undiagnosed and untreated, especially in males [1].
At the same time prevalence of OP in males increases with the growth of the
duration of life, the detection rate of reduction of bone mineral density (BMD) on
examination for back pains, and perhaps due to the change in diet and lifestyle,
having negative impact on calcium and bone tissue metabolism.

In accordance with the recommendations of the American Association of
Clinical Endocrinologists [21], pharmacotherapy of OP is indicated to the males
with high risk of fractures. This group includes patients with risk factors shown

below (but not limited to them):



— men who have had hip fractures or vertebral fractures, not connected with
serious injuries (1; moderate) 1;

— men who did not have any fractures of the spine or cervical hip, but who
had BMD values of the spine, cervical hip and / or the whole hip below the mean
values for healthy young white race males for at least 2.5 standard deviations (SD)
(1; low);

— men with a T-score between — 1.0 and — 2.5 for the spine, femoral neck or
the whole hip with 10-year risk of any fractures and 10-year hip fracture risk on the
scale of evaluation of the Fracture Risk Assessment Tool (FRAX) equal > 20% and
> 3 respectively (in the USA). To determine the appropriate levels of intervention
on the basis of fracture risk assessments using other algorithms, further research is
required. In other regions local instructions on this problem should be taken into
account (1, low);

— men taking long-acting glucocorticoids in pharmacological doses (e.g.
prednisolone or its equivalent in a dose > 7.5 mg / day) in accordance with the
recommendations of the American Society of Clinical Rheumatologists (2010) (1;
low).

1 — The strength and level of evidence of the recommendations are evaluated
with the GRADE system: 1 — strong recommendation, 2 — weak recommendation;
levels of evidence: very low, low, moderate and high.

Medications used for the treatment and prevention of OP represent a large
and diverse group according to the mechanism of drug action. General property,
allowing to combine these drugs into one pharmacotherapeutic group, is their
predominant influence on the processes of bone remodeling, as well as the calcium
homeostasis closely related to it (Table 1).

Table 1. Classification of modern antiosteoporotic drugs [20]

Group Characteristics of main | Subgroup Main drugs

properties




Anti- | of increased bone resorption, | A. Alendronate,
catabolic | of bone remodeling, Bisphosphonates | risedronate,
drugs Prevent disturbances of the | B. RANKL zoledronic
microarchitecture of bone tissue | antagonists acid,
and injuries of the trabecula and | B. Calcitonins ibadronat and
bone porosity. Although the | G. SERM others.
drugs may moderately 1 bone | D. HRT Denosumab
mass and promote its | medications Salmon
mineralization, these properties Calcitonin
are not compulsory Raloxifene,
lazoxifene
Estrogens,
testosterone
and others.
Anabolic 1 of bone strength by increasing | The parathyroid | Teriparatide,
drugs its mass due to the prolongation | hormone (PTH) | semiparatide
of bone formation and cell
activity of osteoblastic line
within the remodeling processes
Anti- Rebalancing between resorption | A. The active | Calcitriol,
catabolic and formation phases in the | metabolite  of | Alfacalcidol
and anabolic | process of bone remodeling, | vitamin D and
drugs with | intensification and acceleration | its analogues Strontium
additional of mineralization of the newly | B. Strontium | ranelate
properties formed bone, healing of | salts

microfractures

Notes: | — decrease; T — increase; HRT — hormone replacement therapy;

SERM - selective estrogen receptor modulators; RANKL — receptor activator of

nuclear factor kappa-B ligand (RANK).




Bisphosphonates is the most studied group of drugs for the treatment of OP.
The ability of bisphosphonates to inhibit abnormal bone resorption of bone tissue
and stimulate bone formation determines their therapeutic effect in OP. In clinical
studies it was shown that bisphosphonates are effective in males with primary and
secondary OP, including hypogonadism and glucocorticoid-induced OP.

Alendronate. In a double-blind placebo-controlled study [14] 2-year therapy
with alendronate (at a dose of 10 mg / day) resulted in an increase in BMD of the
lumbar spinal region, femur and reduction of the incidence of vertebral fractures in
males with OP,

In another study [12] it was shown that the prescription of alendronate at a
dose of 70 mg once a week was an efficient and convenient alternative to a daily
intake of the drug in the treatment of male OP with a good safety and tolerability
profile.

Risedronate. It was established that an intake of risedronate at a dose of
35 mg once a week lead to a significant increase in BMD at the lumbar region of
the spine by 4.5% (in 95% CI from 3.5% to 5.6%, p <0.001) compared with
placebo. There were no significant differences between the groups observed in the
frequency of fracture development. Then in the open phase of the study,
risedronate was prescribed to all the patients in a dose of 35 mg once a week for
the next two years. A significant increase in BMD in the lumbar region of the spine
has been demonstrated in the group of previously treated patients and those who
just started the treatment (by 7.87% and 6.27%) compared with the original data
[3].

Zoledronic acid (ZA). In a comparative 2-year study including males with
primary OP and OP associated with hypogonadism [15] it was noted, that
according to the effect on BMD, bone biochemical markers and therapy safety, ZA
(at a dose of 5 mg once a year) is similar to alendronate (70 mg once a week).

In a double-blind placebo-controlled trial HORIZON-RFT (The Health
Outcomes and Reduced Incidence with Zoledronic Acid Once Yearly Recurrent



Fracture Trial) [10] ZA was introduced during the first 90 days after surgical
treatment of fractures of the proximal part of the femur and then every 12 months.
The average term of the study was 1.9 years. The primary endpoint was the rate of
new clinical fractures. It was demonstrated that intravenous administration of ZA
in the first 90 days after the surgical treatment of proximal femur fractures is
associated with a reduced incidence of new clinically apparent fractures and the
number of lethal outcomes.

In a multicenter double-blind placebo-controlled study [4] the effectiveness
of treatment with ZA (intravenously at a dose of 5 mg once a year) for the
reduction of the risk of vertebral fractures in males with OP was studied. The
primary point of the study was the number of patients with one or more new
vertebral fractures according to morphometric data for 24 months. It was noted that
the ZA treatment resulted in a statistically significant reduction of the risk of new
vertebral fractures.

Ibandronate is highly active, nitrogen-containing bisphosphonate,
positively proven in the treatment of postmenopausal OP in females. At the same
time, there is not enough data on administration of ibandronate in males with OP.
In a double-blind, placebo-controlled study STRONG (The Study Researching
Osteoporosis in Guys) [16], which included males with reduced BMD, it was
shown that under the influence of ibandronate a significant increase of BMD in the
region of lumbar spine was observed compared with placebo (3, 5% versus 0.9%,
respectively; p<0.001). Also in the main group BMD increased in the region of
hip, femoral neck and the region of trochanter compared to placebo. Ibandronate
effectively inhibited bone resorption, what resulted in a significant decrease of
bone turnover markers together with good tolerability.

RANKL antagonists

Denosumab. Denosumab is a fundamentally new antiresorptive drug having
a direct impact on the key system RANK / RANKL / OPG, regulating bone
resorption. Denosumab is a completely human monoclonal antibody (IgG2),



having high affinity and specificity for receptor activator of nuclear factor kappa-B
ligand (RANKL). Thereby it prevents the activation of the single receptor RANKL
— activator of nuclear factor kB (RANK) located on osteoclast surface and their
precursors. Thus prevention of RANKL / RANK interaction inhibits the formation,
activation and duration of existence of osteoclasts. As a result, denosumab reduces
bone resorption and increases weight and strength of the cortical and trabecular
bone layers

In a multicenter randomized double-blind placebo-controlled study ADAMO
[17] the efficacy and safety of denosumab was studied in males with OP. It was
shown that treatment with denosumab (at a dose of 60 mg subcutaneously every
6 months during 1 year) resulted in a significant increase in BMD at the lumbar
region of the spine compared with placebo (5.7% vs 0,9%, p <0,0001). This effect
did not depend on age, testosterone level, BMD status and set fracture risk. The
frequency of adverse effects did not differ among the groups.

Anabolic drugs

Teriparatide. Physiological effect of parathyroid hormone (PTH) lies in the
stimulation of bone tissue formation by direct impact on osteoblasts. PTH
indirectly stimulates the intestinal absorption and tubular reabsorption of calcium
as well as the excretion of phosphates [11]. Introduction of teriparatide stimulates
new bone tissue formation in connection with primary stimulation of osteoblasts in
comparison to osteoclasts.

The positive effect of three drugs on the base of parathormone was observed
on bone: PTH 1-34 (teriparatide) [13], PTH 1-84 and analogue of PTH-related
peptide (Semiparatide) [5]. At the same time, in clinical studies the evidence of
efficiency is obtained only for PTH 1-34, recombinant human teriparatide
produced by Escherichia coli. It was established that teriparatide is effective for
increasing of BMD in males with primary and hypogonadal OP with high risk of
fractures and treatment of glucocorticoid-associated OP in males with high risk of

fractures.



The most reliable research for the effectiveness of teriparatide treatment of
OP in males was a double-blind placebo-controlled study [18], which included
437 males randomized into 3 groups: placebo injections (147 persons), 20 mcg of
teriparatide (151 persons) and 40 mcg of teriparatide (139 persons). After
11 months spinal BMD increased by 5.9% in patients receiving 20 mg / day and by
9.0% in patients who were administered 40 g / day of teriparatide femoral BMD
increased by 1.5% and 2.9% respectively.

The patients treated with teriparatide, showed dose-dependent increase in the
markers of bone formation and bone resorption. After 18 months after completion
of treatment with teriparatide 355 males were re-examined [7]. In patients treated
with teriparatide there was no reduction in BMD after completion of treatment,
moreover, there was a tendency for an increase of BMD (it should be noted, that
patients could receive antiresorptive therapy after the end of the study). Also after
18 months it was shown that the incidence of severe fractures and moderately
severe fractures was significantly lower (by 83%) in the group receiving
teriparatide [54].

Treatment with testosterone

In the clinical studies [1, 2] it was found that, testosterone replacement
therapy in males with hypogonadism prevents bone loss and increases BMD, but
main problem is still the lack of long-term investigations and the data on the
influence on the risk of fractures. At the same time, the American Association of
Clinical Endocrinologists recommends the therapy with testosterone for males with
high risk of fractures and testosterone level <200 ng / dL (6.9 mmol / 1) in the
absence of standard indications for testosterone therapy, but having
contraindications for approved medications for the treatment of OP (2, low).

Strontium ranelate

Strontium ranelate has a unique combined action, inhibiting bone resorption
and, at the same time, stimulating its formation. The experiment indicated that

strontium ranelate stimulates replication of osteoblast precursors, collagen



synthesis and formation of bone in bone tissue culture, inhibits differentiation and
osteoclast activity, thus reducing bone resorption [6]. It was established that in men
with primary OP the intake of strontium ranelate at a dose of 2 g / day for 2 years
led to a greater increase in BMD in the lumbar spinal region, femoral neck and
entire hip (all p <0.001) in comparison with placebo. In assessment of the
dynamics of bone markers against a background of the treatment with strontium
ranelate the increased levels of markers of bone formation and reduced indicators
of bone resorption were observed [8]. In an open prospective controlled 12-month
study [19] the effect of strontium ranelate (2 g / day) or alendronate (70 mg / week)
on the BMD in 152 males with primary OP were compared. An increase in BMD
in the lumbar spinal region and entire hip in both therapy groups was observed.
However, in the group of strontium ranelate an increase of BMD in the lumbar
spinal region by 22% (p = 0.033) and entire hip by 23% (p = 0.002) was greater
than in the alendronate group. Side effects were observed in 28 (37%) and 38
patients (50%) in the strontium ranelate and alendronate groups respectively.

Thus, it is desirable to recommend antiosteoporotic drugs for the males with
increased risk of fractures, for which the evidence of efficacy in clinical trials in
the relevant cohorts of patients was obtained. When choosing a drug, it is
necessary to find an individual approach and consider such factors as past history
of fractures, severity of OP (by T-score), the risk of hip fractures, the pattern of
BMD of cortical and cancellous bones, concomitant diseases, expenses for
treatment and others.
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dapmakoTepanus OCTEONOpo3a y MyKUUH

N.N. Kuassekoral, H.B. Ky3smunosa?, H.}O. Ocosckas?, M.B. boryn?

1 — XapbKOBCKHI1 HAITMOHATBHBIN METUIIMHCKUN YHUBEPCUTET

2 —  Buaanukmii HalMOHAaJIbHBIN MEIULINHCKAN  YHUBEPCUTET
uMm. H.W.ITuporosa

Annomayusn. Hecmomps na OocmueHymulii npoepecc 6 HOHUMAHUU
MEXAHUIMO6 pa3eumusl, NpPpuUHyuUnNos Ouaeﬂocmuku, npod)uﬂakmuku u mepanuu
ocmeonopo3za (OIl), 3abonesanue 3auacmyro ocmaemcsi He OUASHOCMUPOBAHHBIM
U He JjledumcH, 0COOEHHO Y MYoHCUUH ﬂeKapCMBeHHble cpedcmea, NnpUMeHnsemvle 0Nl
nevenus u npoguraxmuxu Ol — Oonvwias u pasHoOpoOHAss NO MeXaHu3my
Oeticmsus epynna npenapamos. Oobuum c80UCMBEOM, NO3BOJAUWUM 00bEOUHUMb
amu npenapamsl 6 061/14)/}0 d)apmakomepaneemuueCKy}o cpynny, A6JHAENCA UuUx
npeumymecmeerHHoe 6JaUAlAHUe Ha npoyeccvl KOCMHO2O peModeJlupoeaHuﬂ, a
MAKHCE MECHO CEA3AHHBIU C HUM 2OMeoCcmas Kalnvbyusl. B npedcmaeﬂelmoﬁ cmamose
paccmompensl pe3yibnamaol KIUHUYEeCKUx uccieoo08aHull no OYeHKe

aghghexmuenocmu anmuocmeonopemuyeckux npenapamos y myocuurn ¢ OIL

MyOfC'{uHaM C NOBBLIULEHHBIM DUCKOM NEPEIOMOB 146]160006pa3l-l0 pekomeHdoeamb



anhmuocmeonopemudecKue npenapaniol, ons KOmopbuslxX NoOJIy4€Hbl Jokazamenbcmea
ad)gbekmueHocmu 8 KIUHUYECKUX UCCAeO08AHUSX 8 coomeemcmeyrowux Koeopmax
nayuenmoe.

Knroueevie cnosa: ocmeonopos, ocmeonoposz 'y MYICHUUH, JIeHYeHUe,

arnmuocmeonopemudecKue npenapanivl

dapmMakoTeparlis OCTEONopo3y y YOJOBIKIB

LI. Kassekona', H.B. Ky3pminoBa?, H.}O. OcoBcrka?, M.B. boryn'

1 — XapkiBcbkuil HaIlOHAIBHUIN METUYHUN YHIBEPCUTET

2 — BinaunpKkuit HarioHaapbHUM MeaquaHul yHiBepeuTeT iM. M.LITuporosa

Anomauia. Hezsadcarouu Ha docsenymuii npozpec 8 po3yMIiHHI MeXaHizMie
PO36UMKY, NPUHYUNIE JlacHOCMUKU, npoghinakmuxu i mepanii ocmeonopo3sy (OIl),
3aX680PIOBAHHS YACMO 3ANUUIAEMbCA He 0IACHOCMOBANHUM I He JIKYEMbCS, 0COOIUBO
v uonosikie Jlikapcoki 3acobu, wo BUKOPUCMOBYIOMbCA OA JNIKYBAHHA |
npoghinakmuxu OII, — eenuka i pizHOpiOHa no mexaizmy Oii epyna npenapamis.
3acanvHoro enacmusicmio, wjo 0038075€ 00'€OHamu yi npenapamu 8 3a2allbHY
(dapmaxkomepanesmuumny 2pyny, € ix nepesadcHull 8Nau8 Ha Npoyecu KiCmKo8020
DPEeMOOENI08ANHS, A MAKONC MICHO NO8'SI3aHULl 3 HUM 20Meocmas Kaavyin. Y
npeocmaesienii. cmammi Po32NAHYMI  pe3yibmamu  KAIHIYHUX O0O0CHI0NHCeHb NO
OYIHYI ehexmusHoCmi aHmuocmeonopemuyHux npenapamis y 4onosikie 3 OIL
Yonosikam 3 nioBUWEHUM PUSUKOM NEPeioMié OOYIIbHO pPeKoMeHOy8amu
AHMUOCNEONOPEemMUYHi npenapamu, sKi niomeepouu eqhekmueHicms 8 KIIHIYHUX
00CNIONCEHHAX Y 8BIONOBGIOHUX KO2OPMAX NAYIEHMIB.

Knwuosi cnosa: ocmeonopo3, ocmeonopo3s y 4HOJI06IKI8, JiK)Y8aAHHS,
AHMUOCMeonopemudHi npenapamu



