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Abstract: Lipoprotein(a) – Lp(a) – is an independent risk factor for cardiovascular 
disease (CVD). Indeed, individuals with plasma concentrations of  Lp(a) > 200 mg/l 
carry an increased risk of  developing CVD. Circulating levels of  Lp(a) are remarkably 
resistant to common lipid lowering therapies, currently available treatment for 
reduction of  Lp(a) is plasma apheresis, which is costly and labour intensive. The 
Lp(a) molecule is composed of  two parts: LDL/apoB-100 core and glycoprotein, 
apolipoprotein(a) – Apo(a), both of  them can interact with components of  the 
coagulation cascade, inflammatory pathways and blood vessel cells (smooth 
muscle cells and endothelial cells). Therefore, it is very important to determine 
the molecular pathways by which Lp(a) affect the vascular system in order to 
design therapeutics for targeting the Lp(a) cellular effects. This paper summarises 
the cellular effects and molecular mechanisms by which Lp(a) participate in 
atherogenesis, thrombogenesis, inflammation and development of  cardiovascular 
diseases.

https://doi.org/10.14712/23362936.2019.9 
© 2019 The Authors. This is an open-access article distributed under the terms of  the Creative  
Commons Attribution License (http://creativecommons.org/licenses/by/4.0).

Mailing Address: Irena Kostovska, MD., PhD., Bul “Treta Makedonska  
Brigada” 31b/14, 1000 Skopje, North Macedonia; Phone: +389 782 089 90;  
e-mail: irenakostovska22@yahoo.com



Labudovic D.; Kostovska I.; Tosheska Trajkovska K.; Cekovska S.; Brezovska Kavrakova J.; Topuzovska S.

40) Prague Medical Report / Vol. 120 (2019) No. 2–3, p. 39–51

Introduction
Since its discovery by Kare Berg in 1963, lipoprotein(a) – Lp(a) molecule, has 
been the subject of  controversy and debate about its physiological role and role in 
atherogenesis, thrombogenesis and development of  cardiovascular diseases (CVD). 
The exact physiological function of  Lp(a) has not been fully elucidated, however 
in recent years a number of  prospective epidemiological and clinical studies have 
shown that Lp(a) level elevated more than 300 mg/l is an independent risk factor 
for development of  coronary and cerebral atherosclerosis and powerful predictor of  
premature cardiovascular diseases in people with concomitant hypercholesterolemia. 
The European Society of  Cardiology and European Atherosclerosis Society 
propose that Lp(a) should be measured once in subjects with intermediate or 
high risk of  CVD such as: subjects with premature CVD, subjects with familial 
hypercholesterolaemia, a family history of  premature CVD and/or elevated Lp(a), 
subjects with recurrent CVD despite statin treatment, subjects with ≥ 3% 10-year 
risk of  fatal CVD according to the European Guidelines (Graham et al., 2007; 
Catapano et al., 2016) and subjects with ≥ 10% 10-year risk of  fatal and/or non-fatal 
CVD according to the US Guidelines (Grundy et al., 2004). They also suggest that 
the risk is significant when Lp(a) levels are > 500 mg/l for European populations. 
It is emphasized that this threshold is higher than the risk threshold in primary 
care populations of  >200 to 300 mg/l (Nordestgaard et al., 2010). The Canadian 
Cardiovascular Society Guidelines for the Management of  Dyslipidemia for the 
Prevention of  Cardiovascular Disease in the adult had similar recommendations,  
but they used a cut-off of  Lp(a) > 300 mg/l as an abnormal level (Anderson et al., 
2016).

Elevated Lp(a) carry an increased risk of  occlusive complications following various 
cardiac interventions (percutaneous transluminal coronary angioplasty, stenting) 
(Berg, 1963; Danesh et al., 2000; Rifai et al., 2004; Nordestgaard and Langsted, 
2016).

The concentration of  Lp(a) levels is genetically determined and shows great 
individual and racial differences but inter-individually is stable throughout life. 
Elevated levels of  Lp(a) are remarkably resistant to common lipid lowering therapies 
and dietary measures, currently available treatment for reduction of  Lp(a) is plasma 
apheresis, which is costly and labour intensive (Moriarty and Hemphill, 2016; van 
Capelleveen et al., 2016; Khan et al., 2017). Thus, it is necessary to carefully clarify 
the physiological role of  Lp(a) in the body and pathophysiological role of  Lp(a) 
in the development of  atherosclerosis and thrombogenesis in order to design 
therapeutic modality to reduce the concentration of  Lp(a) levels in people with high 
risk of  cardiovascular disease (Kronenberg, 1996a; Lippi and Targher, 2012; Boffa 
and Koschinsky, 2016; Tsimikas, 2017). In this paper are presented the structure 
and metabolism of  Lp(a) and also are summarized recent literature data on cellular 
effects and molecular mechanisms by which Lp(a) participate in atherogenesis, 
thrombogenesis, inflammation and development of  cardiovascular diseases.
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Structure and metabolism of Lp(a)
Lp(a) molecule is expressed in humans, some primates (rhesus monkeys, baboons), 
and the European hedgehog (Amer. Barbed pig). Lp(a) is a complex and a unique 
lipoprotein particle rich in cholesterol. It is constructed from two components of  
low density lipoproteins (LDL) and apolipoprotein(a) – Apo(a). Apo(a) is structurally 
unique high glycosylated macromolecule whose size is genetically determined and 
highly variable. Apo(a) has determined structural and functional characteristics of  
Lp(a). Apo(a) is linked with a disulphide bond to ApoB-100 of  LDL, building Lp(a). 
Stoichiometric ratio of  Apo(a) and ApoB-100 in Lp(a) particle is 1:1. In Figure 1 is 
presented the structure of  Lp(a).

Lp(a) and LDL are very similar in composition and physico-chemical characteristics. 
Table 1 shows the differences in physic-chemical characteristics and composition 
between Lp(a) and LDL.

Apo(a) gene is located on the long arm of  chromosome 6 and several alleles, 
resulting in extensive polymorphism in individual expression. Gene Apo(a) is located 
adjacent to the gene encoding the synthesis of  plasminogen which shows high 
structural similarity; it is assumed that the Apo(a) is a member of  the plasminogen 
gene superfamily (Malgaretti et al., 1992). Apo(a) cDNA contains Kringle domains, 
autonomous protein domains rich in cysteine, which muster in tangles and are 
stabilized by disulphide bonds. They are important in protein-protein interactions 
in the process of  blood coagulation. These domains have plasminogen, hepatocyte 
growth factor, prothrombin and Apo(a). Variations in the number of  these domains 
are responsible for the size polymorphism in the molecular weight of  Lp(a). Apo(a) 

Lipoprotein(a)

LDL-like particle

Figure 1 – Structure of  lipoprotein(a) – Lp(a). Lp(a) contains low density lipoproteins (LDL) particle connected 
with apolipoprotein(a) – Apo(a) – with disulphide bridge. LDL is built from a central core rich in cholesterol esters 
and triglycerides surrounded by phospholipids, free cholesterol and a molecule apolipoproteinB-100 – ApoB-100 
(Bdeir et al., 1999).

Alipoprotein(a)
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cDNA contains inactive serine protease domain, a copy of  plasminogen Kringle V 
domain, and 10 types Kringle IV domains labelled Kringle IV-(1–10). Kringle IV-1 
and Kringle IV-(3–10) are single domain while Kringle IV-2 is responsible for multiple 
domain size polymorphisms in the molecular weight of  Apo(a) (300–800 kDa). 
Kringle IV-9 domain of  Apo(a) has a specific binding site for ApoB-100 of  LDL, 
found that it is associated with cell proliferation and smooth-muscle migration. 
Kringle IV-(6–7) domains mediate formation of  foam cells in atherosclerosis, 
KIV-(7–8) domains are rich in lysine binding sites, Kringle IV-10 is responsible for the 
increased vascular permeability. cDNA contains the plasminogen Kringle domains I 
to V, and the active form of  serine protease domain, which is connecting with tissue 
plasminogen activator and urokinase plasminogen activator. This serine protease 
domain plays a key role in endogenous fibrinolysis (McLean et al., 1987). Principal 
place of  synthesis of  Lp(a) is liver. Association of  Apo(a) with LDL in Lp(a) probably 
happens on the surface of  hepatocytes. The synthesis of  Lp(a) is carried out in two 
steps. First step is approaching sulfhydryl groups of  Apo(a) and ApoB-100 and the 
second step is binding of  Cys4057 of  Apo(a) (Kringle domains IV-9) with Cys4326 
of  ApoB-100 by disulphide bond. The first step is inhibited by lysine and lysine 
analogues, such as lysine analogue tranexamic acid (Cyclocapron) which reduces 
the concentration of  Lp(a) levels in humans (Frank et al., 1995). Binding of  Apo(a), 
ApoB-100 occurs in the vicinity of  the binding site of  ApoB-100 on LDL receptor, 
which leads to poor affinity of  Lp(a) the LDL receptor.

Catabolism of  Lp(a) is not fully studied. Lp(a) has a longer half-life in plasma 
compared with LDL, suggesting that catabolism of  Lp(a) does not take place  
entirely via the LDL receptor, but that there are other metabolic pathways for 
degradation of  Lp(a), as through LDL receptor protein – megalin gp330, VLDL (very 
low density lipoprotein) receptor, galactose specific asialoglycoprotein receptor 
(ASGPR), plasminogen receptor and by macrophage receptors (Hrzenjak et al., 
2003).

Table 1 – Differences in physic-chemical characteristics and composition 
between Lp(a) and LDL

Lp(a) LDL

Electrophoretic mobility
Molecular mass (kDa)
Density (g/ml)
Proteins %
Carbohydrates %
Cholesterol esters %
Triglycerides %
Free cholesterol %
Phospholipids %

pre-β
800–1300

1069
30.0

4.5
35.3

2.0
8.5

19.5

β
549

1045
22.5

1.0
43.0

3.0
11.0
19.5

Lp(a) – lipoprotein(a); LDL – low density lipoproteins
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The liver and kidney are the major tissues involved in Lp(a) clearance, but the 
pathways for Lp(a) uptake are still under investigation. Biochemical studies have 
revealed an exceptional array of  receptors that associate with Lp(a) either via its 
ApoB, Apo(a), or oxidized phospholipids (OxPL) components, such as: namely 
“classical” lipoprotein receptors, toll-like and scavenger receptors, lectins, and 
plasminogen receptors. The importance of  these receptors in catabolism of  Lp(a) 
from the circulation are still unclear. The LPA gene encoding Apo(a) has an exceeding 
effect on Lp(a) levels which avert any clear associations between potential Lp(a) 
receptor genes and Lp(a) levels in population studies. Targeted approaches and 
selection of  unique Lp(a) phenotypes within populations has normally allowed for 
some associations to be made. Few of  the suggested Lp(a) receptors can specifically 
be manipulated with current drugs, but it is not clear whether any of  these 
receptors could provide relevant targets for therapeutic manipulation of  Lp(a) levels 
(McCormick and Schneider, 2019).

Evidence indicated that Lp(a) is not a metabolic product of  other lipoproteins, 
VLDL or LDL, nor is it metabolized to other lipoproteins. A few studies suggested 
that the variations in Lp(a) plasma concentration in individuals with different isoforms 
was due to the production rate of  Apo(a) rather than by its clearance rate. The 
low-density lipoprotein receptor (LDLR) was considered to be a possible site for the 
uptake and degradation of  Lp(a), however reports are controversial regarding the 
significance of  the role of  the LDLR in Lp(a) catabolism (Kraft et al., 2000), which 
reported that for Lp(a) with the same allele size the concentration is dependent on 
the gene dose of  the LDLR in familial hypercholesterolemia and deficient subjects 
have higher values of  plasma Lp(a) than heterozygous subjects. However, kinetic 
studies suggested that the clearance of  Lp(a) is not entirely dependent on the LDLR 
(Reyes-Soffer et al., 2017). LDL from Lp(a) is cleared by the LDLR only after release 
of  Apo(a). It is reported that LDLR or low-density lipoprotein receptor-related 
protein (LRP) deficient fibroblasts did not alter their uptake and degradation of  Lp(a) 
(Reblin et al., 1997). Although Lp(a) may bind to LDLR and LRP, the binding does 
not seem to be important for its degradation.

The fact that patients with nephrotic syndrome and chronic renal insufficiency 
have elevated concentrations of  Lp(a), indicate the involvement of  the kidney in the 
catabolism of  Lp(a) (Kronenberg et al., 1996b; Schmidt et al., 2016). In one study 
was observed more Lp(a) deposition in the radial arteries of  ESRD (end stage renal 
disease) patients with high Lp(a) concentration. Filipin and HE (hematoxylin and 
eosin) staining showed that cholesterol accumulation and foam cell formation are 
significantly higher in the group with high Lp(a) concentration than in the control 
group. These findings suggest that high plasma Lp(a) levels might be the main cause 
of  cholesterol accumulation and foam cell formation in the radial arteries of  ESRD 
patients (Ma et al., 2018). As we know, hypercholesterolemia is a main risk factor for 
the progression of  atherosclerosis. Lipoprotein(a), one of  the components of  plasma 
lipid profile, was shown similar effects with hypercholesterolemia on promoting 
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systemic atherosclerosis. Therefore, high-Lp(a) induced radial atherosclerosis 
means that Lp(a) may contribute to the progression of  cardiovascular disease in 
ESRD patients.

Concentration of Lp(a)
The concentration of  Lp(a) among individuals is genetically determined, shows 
large variations, ranging from 1 to 1,000 mg/l, but remains stable throughout life 
(Puckey and Knight, 1999). There are variations in the concentration of  Lp(a) levels 
between races due to the existence of  polymorphisms in the sequence of  Apo(a) 
isoforms and a lot of  additional factors.

Polymorphisms of  the Apo(a) gene regulates the concentration of  Lp(a) levels 
by several mechanisms size polymorphism of  Apo(a), through a number of  
iterations in pentanucleotide promoter region of  Apo(a) gene and over 93 C/T 
polymorphisms in non-transcribed region of  Apo(a) gene. There is an inverse 
correlation between the molecular weight of  Lp(a), the number of  Kringle IV 
domains in the Apo(a), and individual plasma concentrations of  Lp(a). Thus, 
individuals with high molecular phenotypes of  Lp(a) have low concentrations of  
Lp(a) plasma and those with high molecular phenotypes have high concentrations 
of  Lp(a) plasma because Apo(a) isoforms with high molecular weight are tightly 
bound and degrade more quickly through endoplasmic reticulum unlike Apo(a) 
isoforms with a lower molecular weight. Most genetic variations are due to 
mutations in the Kringle IV domain, the lower part is due to mutations in promoter 
region (pentanucleotid repetitions) and the coding region (93 C/T polymorphism). 
For example, mutations in Kringle IV-9 domain participate in the formation of  
disulphide bridge, which leads to decreased synthesis of  Lp(a) and low levels of  
Lp(a) levels.

Despite the fact that the concentration of  Lp(a) is under a strong genetic control 
and remains stable throughout life, some case control studies found that some 
exogenous factors can have a small but significant impact on the concentration 
of  Lp(a) levels. Concentration of  Lp(a) can be increased by fatty acids of  marine 
origin as elaidic acid, orchiectomy and hypothyroidism. Reducing effect of  Lp(a) 
concentration has palm oil, polyunsaturated fatty acid and hormones replacement 
therapy in postmenopausal women (de Bruin et al., 1993; Soma et al., 1993; 
Hermann et al., 1995; Tholstrup et al., 1995; Marcovina et al., 1996).

Because of  its similarity with plasminogen, Lp(a) shows thrombogenic and 
atherogenic properties and may disturb the balance between procoagulant 
and anticoagulant, anti-inflammatory and proinflammatory, vasodilatation and 
vasoconstriction and properties of  the endothelium. Lp(a) can disrupt the 
function of  endothelium and that makes this molecule not only a link between 
atherosclerosis and thrombosis, but also a link between endothelial dysfunction 
and these two processes. There are more mechanisms of  atherogenicity and 
thrombogenicity of  Lp(a).
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Role of Lp(a) in atherogenesis
Atherosclerosis is a complex process that includes the following events in the arterial 
wall: deposition of  plasma lipoproteins, proliferation of  cellular elements, and 
inflammatory response. The progression of  atherosclerosis is conducted in several 
steps, starting from the foam cell formation to complex atherosclerotic plaque 
composed of  a core rich in lipids and necrotic cell debris, covered with fibrous cap. 
Lp(a) stimulates atherogenesis by several mechanisms: induction of  inflammatory 
cytokines and adhesion molecules on the surface of  vascular endothelial cells, 
transport of  oxidized phospholipids, chemoattraction, inhibition the synthesis of  
nitrogen monoxide, vascular remodelling, and proliferation of  smooth-muscle cells.

Induction of  inflammatory cytokines and adhesion molecules on the surface  
of  endothelial cells
The first event in the arterial wall in atherogenesis is the adhesion of  mononuclear 
cells to the endothelium mediated by increased expression of  adhesion molecules 
from endothelial cells as vascular cell adhesion protein-1 (VCAM-1), intercellular 
adhesion molecule-1 (ICAM-1), E-selectin, P-selectin. Lp(a) increase the expression 
of  adhesion molecules (VCAM-1, ICAM-1, E-selectin and P-selectin) on the surface 
of  vascular endothelial cells, which initiate atherosclerotic changes in the vessel wall. 
Lp(a) induces increased expression of  interleukin-8 (IL-8), interleukin-1β  
(IL-1β), tumour necrosis factor-α (TNF-α) in macrophages, cytokines – mediators in 
inflammation process of  atherosclerosis (Beisiegel et al., 1990; Linton et al., 2000; 
Deb and Caplice, 2004).

Chemotaxis
Lp(a) stimulates the secretion of  monocyte chemotactic protein (MCP) by 
endothelial cells which causes chemotaxis of  monocytes and their migration through 
the endothelial barrier. MCP is a potent chemoattractant for monocytes and a key 
cytokine in the pathogenesis of  atherosclerosis. Lp(a) also activate the inflammatory 
transcription factor – nuclear factor ĸB leading to the recruitment of  inflammatory 
cells along the arterial wall (Syrovets et al., 1997).

Oxidation of  Apo(a), transport of  oxidized phospholipids and inhibition  
of  nitrogen monoxide synthase
Apo(a) is a subject to oxidation such LDL. The mechanisms by which Lp(a) 
accelerates these disorders are not fully understood, but the oxidized 
phospholipids present on apolipoprotein(a) might have an important role. Lp(a) 
is the major carrier of  oxidized phospholipids in human plasma, and interventions 
that lower plasma Lp(a) levels also reduce the oxidized phospholipid concentration 
in plasma (Boffa and Koschinsky, 2019). Oxidized form of  Apo(a) facilitates the 
binding of  Lp(a) for macrophage scavenger receptor, triggering the formation of  
foam cells. Oxidized form of  Lp(a) inhibits vasodilatation, stimulates the production 
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of  plasminogen activator inhibitor-1 (PAI-1) by vascular endothelial cells and 
stimulates the production of  superoxide radicals – all these things make oxidized 
Lp(a) more atherogenic than native Lp(a) molecule (Riis Hansen et al., 1994). 
Inhibition of  nitric oxide synthase by Lp(a) leads to reduction of  the concentration 
of  nitrogen monoxide (NO). The reduced concentration of  NO leads to oxidative 
stress and progression of  atherosclerotic process, recognizing antiatherogenic 
role of  NO as inhibition of  T-cell and smooth-muscle proliferation, neutrophil 
adhesion, platelet activation, and reduction of  endothelial permeability. Lp(a) initiates 
activation of  matrix metalloproteinases MMP-2 and MMP-9. Low concentrations 
of  Lp(a) levels have anti-inflammatory action, binding and removing oxidized 
phospholipids from the circulation, despite high concentrations of  Lp(a) levels leading 
to excessive accumulation of  oxidized phospholipids in the wall of  blood vessels 
actuate the atherosclerotic progression (Bergmark et al., 2008). Lp(a) reduces the 
activation of  latent transforming growth factor-β (TGF-β), which shows a number 
of  cellular effects, such as inhibition of  smooth-muscle proliferation and migration, 
inhibition of  expression of  adhesion molecules on the surface of  endothelial cells – 
antiatherogenic actions. In the absence of  TGF-β, cytokines can induce smooth-
muscle proliferation and migration, thus the progression of  atherosclerotic lesions 
(Kojima et al., 1991).

Proliferation of  smooth-muscle cells, vascular remodelling and endothelial dysfunction
Atherosclerotic plaques contain Lp(a) proportional to the concentration of  Lp(a) 
levels, unlike normal arterial walls. Plasminogen lysine-binding sites of  Apo(a)  
are probably very important in anchoring the Lp(a) in the extracellular matrix of   
the arterial wall. It has been proved that mutations of  lysine binding sites reduce  
the affinity of  Lp(a) in the artery wall. Apo(a) binds to several extracellular matrix 
proteins such as fibrin and defensins that are released by neutrophils during the 

Table 2 – Atherogenic mechanisms of lipoprotein(a)

Induction of  inflammatory cytokines IL-8, IL-1β and TNF-α
Increased expression of  adhesion molecules on the surface of  endothelial cells VCAM-1,  
ICAM-1, E-selectin and P-selectin

Increased secretion of  MCP and activation of  nuclear factor kB with subsequent monocyte 
chemotaxis

Oxidation of  Apo(a) and formation of  high atherogenic particles with LDL

Increased transport of  oxidized phospholipids in the blood vessel wall

Reduced production of  nitrogen monoxide with subsequent vasoconstriction

Reduced activation of  latent transforming growth factor-β (TGF-β) with subsequent  
smooth-muscle proliferation

Increased endothelial permeability through rearrangement of  the cytoskeleton
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inflammatory process (Bdeir et al., 1999). Lp(a) interacts with β2-integrin Mac-1, 
which promotes adhesion of  monocytes and their transendothelial migration 
(Sotiriou et al., 2006). Recent experimental studies shown that Apo(a) perform the 
rearrangement of  actin cytoskeleton through increased phosphorylation of  myosin 
light chains by Rho/Rho kinase-dependent signalling pathway (first intracellular 
signalling path in endothelial cells mediated by Lp(a)), leading to increased 
contraction and permeability of  endothelial cells. This leads to impaired receptor-
mediated vasodilation and the endothelial dysfunction. Overall proatherogenic 
role for this action of  Lp(a) has a lysine binding site of  Kringle IV type 10 (Riches 
and Porter, 2012; Riches et al., 2013). Apo(a) induce expression of  β-catenin with 
consequent increased cyclooxygenase-2 (COX-2) expression and prostaglandin E2 
(PGE2) secretion, key events in inflammation and vascular remodelling (Dubé et al., 
2012). Proteoglycans, as decorin-synthesized by vascular endothelial cells, play an 
important role in the retention of  Lp(a) along the arterial wall (Klezovitch et al., 
1998). In Table 2 are summarized the atherogenic mechanisms of  Lp(a).

Role of Lp(a) in thrombogenesis
Lp(a) participate in thrombogenesis through several mechanisms: platelet aggregation 
and activation, inhibition of  tissue factor pathway inhibitor (TFPI), decreased 
production of  plasmin and increased expression of  plasminogen activator inhibitor-1 
(PAI-1).

Aggregation and activation of  platelets
Lp(a) and Apo(a) initiate activation of  platelets by thrombin receptor-activated 
hexapeptide (TRAP) and platelet activating factor (PAF). Lp(a) has ability for 
specifically binding to platelet activating factor – acetyl hydrolase (PAF-AH) and thus 
inhibits PAF. Lp(a) has antiaggregatory effect mediated by its interaction with the 
integrin αIIbβ3, which normally binds to fibrinogen to induce platelet aggregation. 
Apo(a) binds to fibrin in a complex which inhibits the activation of  plasminogen 
(Tsironis et al., 2004).

Inhibition of  tissue factor pathway inhibitor (TFPI) and reduced production of  plasmin
Many cells have receptors for plasminogen, including endothelial cells and platelets. 
Lp(a) and Apo(a) inhibit the binding of  plasminogen to annexin (plasminogen 
receptor on the surface of  platelets and endothelial cells), thereby preventing the 
activation of  plasminogen to plasmin by the action of  tissue factor pathway activation 
(t-PA). Simultaneously, Lp(a) interferes with the binding sites of  t-PA on the surface 
of  endothelial cells. Lp(a) reduces the production of  t-PA by the endothelial cells 
(Kat, 2002). This leads to an antifibrinolytic state. Antifibrinolytic effect of  Lp(a) 
depends on the size of  the molecular weight of  Apo(a) – those with lower molecular 
weight have greater antifibrinolytic effect. Lp(a) promotes thrombosis by binding and 
inhibiting the tissue factor pathway inhibitor (TFPI).
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Increased expression of  plasminogen activator inhibitor-1 (PAI-1)
Lp(a) stimulates the production of  PAI-1 by endothelial cells in blood vessels by 
protein kinase C (PKC)-dependent mechanism. Lp(a) interacts with other proteins, 
such as prothrombotic α2-macroglobulin (plasmin inhibitor) and serine proteinase 
inhibitor A1 (SERPINA1) which is t-PA inhibitor. Transforming growth factor-β 
(TGF-β) is plasmin substrate. Reduced synthesis of  plasmin by Lp(a) leads to 
inhibition of  TGF-β and progression of  atherosclerosis (Etingin et al., 1991).  
In Table 3 are summarized the thrombogenic mechanisms of  Lp(a).

Conclusion
In this paper we reviewed the published literature data on atherogenic and 
thrombogenic role of  Lp(a) in development of  cardiovascular diseases. Lp(a) has a 
wide range of  functional effects in development of  cardiovascular diseases, such as 
modulation of  platelet aggregation, reduced fibrinolysis, recruitment of  inflammatory 
cells, vascular remodelling. Atherogenic and simultaneously thrombogenic function 
of  Lp(a) makes this molecule very powerful in development of  atherosclerosis and 
cardiovascular diseases. Lp(a) act through multiple pathogenic protein molecules and 
receptors that makes it impossible to find a single therapeutic target, but requires 
action at multiple levels in the mechanism of  pathogenic action of  Lp(a). More 
extensive trials are required in signalling pathways and molecular mechanisms in the 
action of  Lp(a). That will provide in the near future possibility to identify sensitive 
therapeutic target in reducing Lp(a) levels.
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of  those drugs, acts by inhibiting key proteins included in CML development, 
predominantly Bcr-Abl and Src. Its advantage is that it shows activity in many cases 
where other agents bring no improvement due to resistance. Pharmacokinetics of  
dasatinib has specific characteristics that may play an important role in achieving 
sufficient exposure in patients. Therefore, the key pharmacokinetic properties 
are summarized in this report. For example, dasatinib absorption is significantly 
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Introduction
Possibilities of  chronic myeloid leukaemia (CML) therapy have recently been 
broadening as there are new agents with antitumor activity that can be used to treat 
this hematologic malignancy. Dasatinib belongs among small molecules inhibiting 
tyrosine kinases (Cohen, 2002).

The first reports on dasatinib (formerly BMS-354825) in literature reach to 2004 
(Lombardo et al., 2004). Two years later, in 2006, it was approved by FDA and 
EMA (brand name Sprycel®). Indications in adults include Philadelphia chromosome-
positive chronic myeloid leukaemia (Ph+ CML) in chronic phase and Philadelphia 
chromosome-positive acute lymphoblastic leukaemia (Ph+ ALL), it is also approved 
for treatment of  Ph+ CML in chronic phase in paediatric patients (Bristol-Myers 
Squibb, 2017). Dasatinib shows its benefits in cases where imatinib (Gleevec®, older 
tyrosine kinase inhibitor firstly approved by FDA in 2001) (Novartis, 2018) fails 
because of  resistance and it has been reported that dasatinib has 325-fold greater 
activity in inhibiting Bcr-Abl than imatinib (O’Hare et al., 2005). Studies in vitro as 
well as in vivo have shown that dasatinib inhibits the kinase activity of  14 out of  
15 imatinib-resistant Bcr-Abl isoforms with the only one not responding mutant, 
T315I (Shah et al., 2004).

The way dasatinib acts against cancer cells is explained by inhibition of  several 
proteins that have their role in cancer pathogenesis as they are employed in cell 
differentiation, proliferation and survival, most importantly Bcr-Abl, Src, c-kit and 
PDGFRβ (platelet-derived growth factor receptor β) (Ikeda et al., 1991; Szczylik 
et al., 1991; Thomas and Brugge, 1997; Lombardo et al., 2004; Yang et al., 2010).

In conducted studies, dasatinib showed variable pharmacokinetic profiles with high 
intra subject variability (Chandani et al., 2017). This is the reason why the aspects  
of  dasatinib pharmacokinetics are being studied in this review.

Physical/chemical properties
Dasatinib is a white to off-white powder with melting point of  280 to 286 °C 
(Bristol-Myers Squibb Pharmaceutical Research Institute, 2007). It is a lipophilic 
substance with partition coefficient (logP) between octanol and water 2.71, which 
means it is able to pass well through cell membranes (Minematsu and Giacomini, 
2011).

As a monohydrate, it is insoluble in water (0.008 mg/ml at 24 ± 4 °C), slightly 
soluble in ethanol, methanol, polyethylene glycol 400 and propylene glycol and very 
slightly soluble in acetone and acetonitrile (USP definition). It is practically insoluble 
in corn oil (Bristol-Myers Squibb Pharmaceutical Research Institute, 2007).

Solubility in water is pH dependent. The anhydrous free drug has characteristics of  
a weak base which is a subject of  dissociation when placed into water environment. 
Two basic ionization constants (pKa) were determined (6.8 and 3.1) and one weekly 
acidic pKa (10.9) (Bristol-Myers Squibb Pharmaceutical Institute, 2007). According to 
in vitro investigation, the solubility surpasses 0.690 mg/ml at pH values lower than 
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4.0, whereas in higher values it rapidly decreases (0.205 mg/ml at pH 4.28 and less 
than 0.001 mg/ml at pH 6.99) (Eley et al., 2009).

Another study confirming those findings was performed at the temperature of  
37 °C. The results show that the solubility of  dasatinib was surprisingly high at pH 
approximately 1 (49.6 mg/ml), due to full protonation of  both basic nitrogen atoms. 
As expected, the solubility drops down to 3.62 mg/ml at pH 3.64 and it reaches 
only 1.40 mg/ml at pH 3.81. At higher values dasatinib becomes practically insoluble 
(Lubach et al., 2013). This fact of  pH-dependent solubility plays an important role in 
absorption from gastrointestinal tract, as the pH values can range variously, and they 
can be influenced by other concomitantly using drugs.

Pharmacokinetics of dasatinib
Pharmacokinetic parameters of  dasatinib are summarized in Table 1.

Absorption
After oral administration, dasatinib is quickly absorbed from gastrointestinal tract. 
Preclinical testing in various species (mice, rats, dogs and monkeys) showed that 
maximum plasma concentrations were most frequently reached within 0.6 to 2 h 

Table 1 – Pharmacokinetic parameters of dasatinib in preclinical  
and clinical trials

Parameter Preclinical data Clinical data

Tmax (h)
0.6–2.0
(Kamath 

et al., 2008)

1
(Luo et al., 

2006)

2
(Lagas et 
al., 2009)

1.0
(Aplenc  

et al., 2011)

0.5
(Christopher 
et al., 2008b)

1.0
(Takahashi 

et al., 2011)

F (%)
14–34

(Kamath 
et al., 2008)

45–51
(Luo et al., 

2006)
– – – –

Plasma 
protein 
binding (%)

92–97
(Kamath 

et al., 2008)
– –

94
(Kamath  

et al., 2008)
– –

Vss (l/kg)
3.5–6.3
(Kamath 

et al., 2008)
– – – – –

Vz/F (l) – – –
606–9113
(Takahashi 

et al., 2011)

600–9464
(Demetri et 

al., 2009)
–

t1/2 (h)
0.9–4.2
(Kamath 

et al., 2008)
– –

1.9–3.6
(Aplenc 

et al., 2011)

3.6
(Christopher 
et al., 2008b)

2.2–4.9
(Demetri  

et al., 2009)

Tmax – time to reach maximum plasma concentration; F – bioavailability; Vss – apparent volume of  distribution at steady 
state; Vz/F – apparent volume of  distribution during terminal phase after non-iv administration; t1/2 – half-life
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(Tmax – time to reach maximum plasma concentration) (Luo et al., 2006; Kamath 
et al., 2008; Lagas et al., 2009). Clinical studies achieved similar results with Tmax 0.5 
to 1.0 h. Among subjects, substantial variability was observed with Tmax values ranging 
from 0.28 up to 6.3 h (Christopher et al., 2008b; Aplenc et al., 2011; Takahashi 
et al., 2011; Bristol-Myers Squibb, 2017).

Bioavailability is known to be variable between subjects, too. First preclinical 
studies in mice showed bioavailability from 45 to 51% (Luo et al., 2006), whereas 
other experiments performed in various species led to values between 14 and 34% 
(14% and 17% mice, 27% rats, 34% dogs, 15.2% monkeys) (Kamath et al., 2008). 
Bioavailability in humans was not determined because intravenous administration 
would be risky, but we know that interindividual variability in AUC (area under the 
curve) can range from 32 to 118% (Dai et al., 2008) and intraindividual variability 
from 40 to 50% (Chandani et al., 2017).

Experiments, where dasatinib was administered intraportally in rats suggest that 
first-pass metabolism does not have a significant effect on bioavailability, and it is 
therefore limited mostly by absorption (Kamath et al., 2008).

Absorption of  dasatinib can be influenced by meal, which is taken with the 
medicine, although the change is not significant. After a single dose of  100 mg, 
the mean AUC was increased by 14% in subjects with high-fat meal (Bristol-Myers 
Squibb, 2017).

Another factor impacting dasatinib absorption is gastric pH likely due to alteration 
of  the drug solubility as described above. Dasatinib dissolves better in low pH 
values, leading to higher amount of  drug being absorbed into blood. Gastric pH 
can be modulated by many substances including medications such as H2-receptor 
antagonists (e.g. famotidine, ranitidine), antacids or proton pump inhibitors (e.g. 
omeprazole, lansoprazole, rabeprazole) which cause increased gastric pH (Pali-Scholl 
et al., 2010; Mylan Pharmaceuticals, 2011; AstraZeneca Pharmaceuticals, 2012). On 
the other hand, there are agents that are able to induce gastric acid secretion or 
by other mechanism decrease gastric pH such as pentagastrin or betaine HCl (Chu 
et al., 1999; Yago et al., 2013; Šíma et al., 2019).

Effect of  pentagastrin (0.25 mg/kg, sc) and famotidine (10 mg/kg, iv) on dasatinib 
absorption was investigated in a preclinical study in rats. Both substances were 
administered 2 h prior to dasatinib administration. Unexpectedly, pentagastrin led to 
a slight decrease in AUC (from 0.421 μg×h/ml in control group to 0.297 μg×h/ml). 
That could have been caused by rapid onset of  pentagastrin action and too early 
dosing 2 h before dasatinib since the measured gastric pH after pentagastrin 
administration was the same as in control group and thus it probably stayed without 
effect on dasatinib absorption. Famotidine had a significant impact with dasatinib 
AUC decrease to 0.094 μg×h/ml (Lubach et al., 2013).

There was another interaction study in dogs with famotidine (40 mg, orally, 3 h 
prior to dasatinib), pentagastrin (6 μg/kg, im, 30 min prior to dasatinib) and betaine 
HCl (750 mg, orally, either 5 min, or 5 and 20 min prior to dasatinib), in which 
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probably due to administration only 30 min before dasatinib, pentagastrin led to 
a doubling of  dasatinib AUC (measured gastric pH was also lower than in control 
group). Two tablets of  betaine HCl (1,500 mg in total) had the same effect on 
absorption as pentagastrin while when dasatinib was given with famotidine and 
petagastrin the negative effect of  famotidine was mitigated (Pang et al., 2013).

In humans, the influence of  famotidine and antacids (Maalox® – aluminium/
magnesium hydroxides) was examined in a study where dasatinib (50 mg) was 
administered twice a day, famotidine (40 mg) was given 2 h after dasatinib (and 
therefore 10 h before another dose of  dasatinib) and the antacid (30 ml) was given 
firstly 2 h before and then at the same time as dasatinib. Although famotidine didn’t 
change first dasatinib dose absorption, the next dasatinib dose 10 h after famotidine 
was absorbed significantly worse (mean AUC decreased from 136 to 40.2 ng×h/ml). 
Concomitant use of  antacid similarly decreased dasatinib exposure (mean AUC of  
46.3 ng×h/ml), however, when separated by 2 h, absorption remained unaltered 
(Eley et al., 2009).

Decrease of  dasatinib exposure was also confirmed in a study in which 
pharmacokinetic profiles of  Japanese patients treated with or without H2-receptor 
antagonists (famotidine 20-40 mg/day, nizatidine 300 mg/day) or proton pump 
inhibitors (lansoprazole 30 mg/day) were analysed. Results were variable but acid 
suppressants caused decrease in the extent of  dasatinib absorption (mean AUC 
decreased from 3.51 to 1.47 ng×h/ml/mg) (Takahashi et al., 2012).

The effect of  famotidine on dasatinib absorption has been also indicated in a 
case report suggesting more than 3fold decrease in dasatinib exposure when given 
concomitantly (Matsuoka et al., 2012).

Another study conducted in humans receiving dasatinib (100 mg) alone, with 
rabeprazole (20 mg twice a day) or altogether with betaine HCl (1,500 mg) 
confirmed that proton pump inhibitors have negative effect on dasatinib absorption. 
However, betaine HCl mitigated this interaction (Yago et al., 2014).

Table 2 – The effect of gastric pH modulators on dasatinib AUC

Comedication AUC (% of  dasatinib monotherapy AUC)

Pentagastrin
Famotidine
Rabeprazole
Any H2RA or PPI
750 mg betaine HCl
1,500 mg betaine HCl
Famotidine + 750 mg betaine HCl
Famotidine + 1,500 mg betaine HCl
Rabeprazole + 1,500 mg betaine HCl
Antacid (2 h prior to dasatinib)
Antacid (concomitantly with dasatinib)

↓ (71%) (Lubach et al., 2013); ↑ (223%) (Pang et al., 2013)
↓ (22%) (Lubach et al., 2013); ↓ (39%) (Eley et al., 2009)
↓ (14.7%) (Yago et al., 2014)
↓ (42%) (Takahashi et al., 2012)
≈ (119%) (Pang et al., 2013)
↑ (229%) (Pang et al., 2013)
≈ (113%) (Pang et al., 2013)
↑ (149%) (Pang et al., 2013)
≈ (96%) (Yago et al., 2014)
≈ (104%) (Eley et al., 2009)
↓ (45%) (Eley et al., 2009)

AUC – area under the curve
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The effect of  gastric pH modulators on bioavailability of  dasatinib is summarized in 
Table 2.

To conclude, combination of  dasatinib with acid suppressants is problematic due 
to decreased dasatinib bioavailability. If  necessary, it is advisable to use antacids 
separated from dasatinib at least by 2 h. A wish to increase dasatinib bioavailability 
lead to an attempt to synthesize a compound that could act like a dasatinib prodrug. 
Thus, a compound called JLTN was synthesized with oral bioavailability increase to 
150% of  the original value. However, no additional development of  the compound 
has followed so far (Liu et al., 2013).

Distribution
When absorbed into blood, most of  dasatinib molecules bind to serum proteins 
(>90%). The volume of  distribution is very high, suggesting that dasatinib distributes 
well from vascular system to other tissues. A preclinical study performed in 
various species came with mean Vd values ranging from 3.5 to 6.3 l/kg and human 
volume of  distribution was predicted to be around 4.2 l/kg (using scaling by body 
weight) (Kamath et al., 2008). Later experiments in men confirmed high volume of  
distribution with mean values from 600 to 9,464 l and with large variability. After 
repeated administration, dasatinib does not show any signs of  accumulation in the 
body (Demetri et al., 2009; Takahashi et al., 2011).

In breast-feeding females, dasatinib, as a basic molecule, reaches high 
concentrations in milk. First estimations considering only passive diffusion predicted 
lacteal distribution to be rather mild. However, dasatinib is a substrate of  BCRP 
(breast cancer resistance protein) and since this protein is also expressed in 
mammary gland, we can suppose that BCRP is employed in active transport to the 
milk (He et al., 2008).

Although dasatinib crosses placental barrier, foetal plasma concentrations reach 
lower values than those in maternal blood. Concentrations measured in foetal 
plasma, brain, kidneys and liver were similar, suggesting that distribution in foetus 
occurs mostly by passive diffusion without specific transporters, which may not be 
fully evolved yet (He et al., 2008).

Elimination (metabolism and excretion)
Dasatinib half-life was determined in four different species – mice, rats, dogs and 
monkeys. Mice exhibited the lowest value (0.9 h), the longest half-life was observed 
in dogs (4.2 h) (Kamath et al., 2008). Human half-life values based on three clinical 
studies range from 2.2 to 4.9 h (Christopher et al., 2008b; Demetri et al., 2009; 
Aplenc et al., 2011).

Dasatinib undergoes several routes of  metabolism, particularly oxidative and 
conjugative. Hydroxylation, N-dealkylation, N-oxidation, alcohol oxidation and 
direct glucuronide or sulphate conjugation seem to be the most employed reactions, 
leading to formation of  many metabolites of  which nineteen have been identified. 
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Dasatinib represents the major circulating moiety in a mass balance study, whereas 
metabolites are accountant for 40 to 60% of  total radioactivity (Christopher et al., 
2008a; Kamath et al., 2008).

Although the most abundant metabolite observed in rats is piperazine-N-oxide 
(M5), its concentrations in human plasma are low. On the other hand, the most 
frequent metabolites in monkeys and humans are M20 and M24, the products of  
hydroxylation. In spite of  the fact that all of  these compounds hold certain activity, 
they don’t significantly contribute to total dasatinib efficacy, due to their low potency 
(Christopher et al., 2008a, b).

The bile of  duct cannulated rats contains mainly N-oxides and conjugates, while 
dasatinib and oxidative metabolites other than N-oxides are found in faeces of  intact 
rats. That can be caused by a hydrolysis of  conjugates and a reduction of  N-oxides 
by microorganisms in the course of  passage through gastrointestinal tract before 
being excreted (Christopher et al., 2008a).

When various metabolism of  dasatinib via CYP enzymes or flavin-containing 
monooxygenase 3 (FMO3) were tested in vitro, it turned out that all of  them are 
able to metabolize dasatinib with CYP3A4 showing to be the most potent enzyme 
(Kamath et al., 2008).

Dasatinib exposure was increased when coadministred with ketoconazole in man 
( Johnson et al., 2010). Conversely, rifampicin, a CYP3A4 inducer, led to a decrease 
in dasatinib exposure, confirming that dasatinib is a CYP3A4 substrate (Bristol-Myers 
Squibb, 2017). Therefore, it is recommended to avoid simultaneous administration 
with strong CYP3A4 inhibitors or inducers such as grapefruit juice because of  
possible drug interactions. If  necessary, dasatinib doses can be modified in order to 
maintain adequate plasma concentrations. Concomitant administration with other 
CYP3A4 substrates should be employed with caution as dasatinib itself  acts as a 
CYP3A4 inhibitor (Bristol-Myers Squibb, 2006).

Dasatinib is mainly excreted in the form of  metabolites, as only 15 to 19% remains 
unchanged. The excretion occurs into faeces (particularly bile), the amount of  drug 
being excreted in urine is very low (Christopher et al., 2008a, b; Kamath et al., 
2008).

Impact of  drug transporters
The role of  dasatinib transport through cell membranes has been investigated 
in order to map possible influence of  some efflux proteins and transporters on 
dasatinib distribution. Unlike imatinib, dasatinib cell uptake isn’t dependent on the 
activity of  human organic cation transporter 1 (hOCT1) (Giannoudis et al., 2008; 
Hiwase et al., 2008). This transporter was found to be important for imatinib active 
transport into cells and its lower expression can contribute to treatment resistance 
(Thomas et al., 2004).

ATP-binding cassette transporters (ABC transporters) have major importance on 
dasatinib influx/efflux. For example, ABCC4 participates in its gastric absorption 
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(Furmanski et al., 2013). There are other important transporters belonging to this 
family, like ABCB1 (P-glycoprotein – P-gp) and ABCG2 (breast cancer resistance 
protein – BCRP). Those proteins are expressed at various barriers, such as intestinal 
epithelium and blood-brain barrier or blood-testis barrier, where they are able 
to transport endogenous substances as well as xenobiotics through membranes. 
Sometimes, their efflux function can cause drug resistance as they prevent the drug 
to reach its intracellular target (Borst and Elferink, 2002).

Dasatinib may be transported by both of  these proteins (Giannoudis et al., 
2008; Hiwase et al., 2008; Chen et al., 2009; Hegedus et al., 2009). First findings 
comparing wild-type and P-gp knockout mice suggested that although dasatinib 
is a P-gp substrate, it doesn’t contribute to low bioavailability (Kamath et al., 
2008). Nevertheless, later investigations brought results saying that P-gp can limit 
dasatinib absorption after oral administration (Lagas et al., 2009). The importance 
of  both transporters (P-gp and BCRP) is supported by results of  a study with 
double knocked-out rats for P-gp and BCRP, which had two-fold higher dasatinib 
AUC compared with wild-type rats (Tang et al., 2013). Dasatinib can also act as 
an inhibitor of  both of  these proteins in higher concentrations and thus it could 
influence transport of  another substances (Hegedus et al., 2009). Nevertheless, the 
practical impact of  those findings on a clinical use in patients with CML has not yet 
been reliably elucidated.

P-gp also plays a major role in restricting dasatinib accumulation in central nervous 
system. Although absence of  BCRP didn’t affect dasatinib brain concentration, 
inhibition of  both these transporters together resulted in considerably higher brain 
concentration compared to inhibition of  only P-gp (Chen et al., 2009; Lagas et al., 
2009; Tang et al., 2013). Possible explanations are that P-gp might be able to 
compensate BCRP loss, or that BCRP can partly take over P-gp’s function in its 
absence.

Pharmacokinetics in special populations
Pharmacokinetic properties of  dasatinib were also studied in paediatric settings. 
Overally, the pharmacokinetics is very similar to that observed in adults and there 
were no substantial differences. The doses should be reduced and adjusted by body 
weight or by occurred adverse reactions (Aplenc et al., 2011; Bristol-Myers Squibb, 
2017).

Although dasatinib is metabolised through liver, it is not recommended to reduce 
the dose in patients with mild to moderate hepatic dysfunction (Bristol-Myers 
Squibb, 2006; Sasaki et al., 2016).

Relationship of pharmacokinetics and pharmacodynamics
Dasatinib exhibits time-dependent effect where plasma concentrations above 
inhibitory concentration (IC50CD34+cells) for more than 12.8 h led to a better 
clinical response (Ishida et al., 2016). Dasatinib shows many adverse effects like 
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thrombocytopenia, neutropenia, leucopenia, anaemia, asthenia, pleural effusion, 
fatigue, nausea or diarrhoea (Visani et al., 2010). The toxicity increases with higher 
plasma concentrations and so it can be useful to monitor plasma levels of  dasatinib 
in patients in order to prevent serious side effects, particularly in patients with 
decreased clearance (Demetri et al., 2009).

Conclusion
Dasatinib is a drug with an important role in the management of  CML. Its absorption 
is strongly dependent on gastric pH as it only dissolves at low pH values. For that 
reason, it is important to pay attention to concomitant use of  medications that could 
modulate gastric pH (e.g. antacids, H2-receptor antagonists, proton pump inhibitors). 
After being absorbed into circulatory system, dasatinib binds to plasma proteins to 
a high degree and it is well distributed to the organs as well as to the breast milk 
of  lactating females. Before being excreted mostly by faeces, dasatinib undergoes 
predominantly oxidative metabolism mediated by cytochrome P450 and inhibitors or 
inducers of  this enzymatic system can alter dasatinib pharmacokinetics.
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Abstract: Sub-condylar fractures of  the temporomandibular joint can be 
treated by an extraoral or intraoral approach. Trans-masseteric antero-parotid 
approach (TMAP) is an extraoral approach utilising a retromandibular incision. 
The authors evaluated patients’ status and any complications of  using TMAP from 
the years 2013–2017. There were 39 patients (44 fractures). When using TMAP, 
in 43 fractures the fragments were favourably positioned, in one case the position 
was compromised. Of  the complications, postoperative palsy of  the facial nerve 
was reported 6.8% – in all cases this was only temporary. Late occlusion had an 
equal number of  complications (in 2 cases this was as a result of  an infectious 
complication of  the wound, and in 2 cases due to resorption of  the proximal 
fragment). Muscular pain and dysfunction of  the temporomandibular joint following 
trauma were observed consistently in 6.8% of  patients. Sialocoele, a non-conforming 
scar, and infectious complications were observed in 4.5% of  patients. TMAP allows 
rapid surgical performance, with a good view for perfect repositioning and fixation 
of  fragments of  sub-condylar fractures of  the temporomandibular joint. The 
complications associated with this approach are, for the most part, temporary, the 
aesthetic handicap of  a scar is considered by patients to be acceptable. Overall, it is 
possible to evaluate retromandibular TMAP as safe, and the authors recommended 
it for treatment of  sub-condylar fractures of  the mandible.
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Introduction
Temporomandibular joint fractures belong to the most common fractures of  the 
facial skeleton, forming 25 to 35% of  all fractures of  the lower jaw. They can be 
classified as fractures of  the articular head (intra-articular), the articular neck, and 
sub-condylar fractures. Treatment of  joint fractures can be conservative (non-
surgical) or surgical. Conservative treatment comprises of  a soft diet, temporary 
intermaxillary fixation and rehabilitation of  mouth opening. The principle of  surgical 
treatment consists of  open reduction of  the fragments into their anatomical position 
and then stable fixation by osteosynthesis (ORIF). Access for open reduction 
and internal fixation may include, pre-auricular, end-aural, posterior-auricular, 
retromandibular, subangular, submandibular and intraoral approaches (Eckelt and 
Loukota, 2010; Leiser et al., 2013; Spinzia et al., 2014).

The authors have evaluated the use of  a retromandibular trans-masseteric  
antero-parotid approach in the surgical treatment of  sub-condylar fractures.

Material and Methods
The group consisted of  patients with sub-condylar fractures of  their joints, treated 
by open reduction and internal fixation between January 2013 and May 2017, all by  
a retromandibular trans-masseteric antero-parotid approach (TMAP).

There was a total of  44 fractures in 39 patients (22 men and 17 women) with 
an average age of  39.5 years (age 18 to 73 years). Four patients had bilateral 
sub-condylar fractures together with fractures of  their mandible, one case was 
a bilateral sub-condylar fracture, 9 patients had unilateral sub-condylar fractures 
together with a fracture of  their mandible, 2 patients had sub-condylar fractures 
along with a mid-face fracture. 23 patients had isolated sub-condylar fractures. In 
two cases the sub-condylar fracture was comminuted.

In 15 cases, the proximal fragment was displaced medially, in 22 cases the mandible 
was shortened, with lateral displacement of  the proximal fragment, in 4 cases the 
mandible had medial displacement of  the proximal fragment and was truncated, in  
2 cases the proximal fragment was dislocated in front of  the articular prominence.

Aetiological factors contributing to the development of  the sub-condylar fractures 
included, falling onto their face (21 patients), assault (11 patients), bicycle accident  
(4 patients), one fracture from a car crash, one head clash whilst playing football, one 
blow from a dog’s head.

All patients were examined and treated by the same surgical team at First Faculty 
of  Medicine, Charles University and General University Hospital in Prague.

The aim of  this work was to evaluate the complications related to this relatively 
rarely used surgical approach.

Operative technique (Figures 1–5)
All operations were performed under general anaesthetic via nasotracheal 
intubation.
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Figure 1 – Retromandibular incision. Figure 2 – Masseter muscle and facial nerve branches.

Figure 3 – Reposition of  fracture. Figure 4 – Osteosynthesis with two miniplates.

The operation began with the placement of  IMF (intermaxillary fixation) screws  
(3 into each jaw) followed by inter-maxillary fixation with elastic bands (between 
the opposing MMF – mandibulo-maxillary fixation screws and then crossed between 
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the screws). Next a 2-cm vertical retromandibular skin incision was done – behind 
the edge of  the mandible, revealing the capsule of  the parotid gland. Blunt dissection 
superficial to the capsule to expose the anterior edge of  the gland, which was then 
retracted posteriorly. The masseter muscle was then penetrated (between visualized 
branches of  the facial nerve) leading to the external surface of  the mandible, which 
would be chased to the location of  the sub-condylar fracture. DePuy Synthes 
osteosynthesis material ( Johnson and Johnson, USA) was used to fix the fragments 
utilising: 2 straight plates (25 fractures), a trapezoidal plate (TCP – 12 fractures), an 
L-shaped plate (in 7 fractures).

After fixation of  the fracture and irrigation of  the surgical wound, a suction drain 
was sutured in place for all cases, followed by closure of  the wound – sutured in 
layers (Wilson et al., 2005; Biglioli and Colletti, 2008; Eckelt and Loukota, 2010).

Finally, the elastic intermaxillary fixation was removed and the occlusion was 
confirmed. Simple elastic fixation was left on for patients with complex (multiple) 
fractures for 10–14 days, as well as for patients with comminuted fractures. In 
patients with isolated sub-condylar fractures, the intermaxillary fixation was removed 
at the end of  the operation.

Figure 5 – Retromandibular incision, 
2 months after surgery.
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Postoperative care
Drains were removed 24 hours after surgery. A mixed diet was recommended for 
patients for the first 4 weeks, and a soft diet from the 4th to 6th week. Antibiotics 
were prescribed for the first week after surgery (Co-Amoxiclav, or for patients who 
were allergic to penicillin – Clindamycin).

For the 1st week after surgery, patients were recommended to open their mouths 
as little as possible. From the next week they were advised – to gradually and 
increasingly open, until it starts to become painful. Intense rehabilitation began 
if  limited opening (less than 30 mm) was seen in the 5th postoperative week. In 
cases of  facial nerve weakness, facial functional rehabilitation started from the 
1st postoperative day.

Patient check-up
10 to 14 days after surgery (for removal of  stitches), then one month, 3 months, 
6 months, and 1 year after surgery. At each check-up, an assessment of  the 
patients’ mouth-opening, presence of  pain, surgical wound condition, facial nerve 
function, temporomandibular joint (TMJ) function and occlusion status were made. 
Radiographic examination from 2 different projections was performed on the 
2nd postoperative day and then at 3 months and 12 months after surgery. From 
2015, cone beam CT (CBCT) was routinely used instead of  plain-film (digital) 
X-rays.

Results
Upon clinical examination, correct occlusion was achieved for all patients 
immediately following surgery. However, according to the X-ray or CBCT images, 
on the 2nd postoperative day one case did not appear to have an ideal proximal 
fragment position (but as their occlusion was functional, there was no indication for 
further reposition). In all other cases, though, replication of  the ideal position for the 
proximal fragment was achieved.

The average operating time from the start of  IMF screw insertion until completion 
of  suturing of  the surgical wound was 56.34 minutes.

Pain rating: one month after surgery, pain was present in 3 patients (VAS > 2), pain 
was not otherwise noted in any other patients.

Assessment of  mouth-opening: one month after surgery, 9 patients experienced 
mouth opening of  less than 30 mm, by 6 weeks after surgery the mouth-opening 
of  all patients had improved to more than 35 mm, as was noted in subsequent 
inspections.

Postoperative complications
n Facial nerve dysfunction was observed after surgery in 3 fractures (6.8%), all of  

these were resolved 1 week after surgery. Permanent dysfunction did not occur. 
Resolution always occurred after targeted facial nerve functional rehabilitation.
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n Sialocoele was observed in 2 fractures (4.5%). This was resolved by repetitive 
drainage, leading to gradual resolution within 2 weeks.

n Masseter muscle pain – present in 3 fractures (6.8%), in all cases this was resolved 
with targeted relaxation massage, thermotherapy (application of  dry heat 3× 
daily for 5 minutes). All patients improved their condition, eliminating muscle pain 
within 2 months of  their surgery.

n Inflammatory complications at the surgical site were observed in 2 fractures – 
associated with redness, swelling and laboratory-proven inflammatory markers. 
In both cases, the complications were treated with surgical wound drainage and 
prolonged use of  antibiotics. The patients’ intermaxillary fixation were reinstated 
(for the duration of  inflammation).

n “Increased” scarring was present after the treatment of  2 fractures, both were 
the cases when the patients had been treated for inflammatory complications.

n Malocclusion was observed postoperatively in 4 fractures (9%). In one case, there 
was non-union of  the proximal fragment, in one case progressive resorption of  
the proximal fragment occurred (the patient began to see a change in their bite 
3 months after the trauma). In 2 cases, the osteosynthetic material got loosen due 
to an inflammatory process. This subsequently led to dislocation of  the proximal 
fragment. In 2 cases the situation was resolved by total joint replacement, in the 
remaining 2 cases the patients refused further surgery.

n TMJ dysfunction in the sense of  pain-free clicking (locked closed), was reported 
post-operatively after 3 fractures (6.8%). It was addressed by TMJ physiotherapy.

Discussion
Low sub-condylar fractures usually require an external (submandibular, subangular, 
retromandibular) approach, or an intraoral (endoscopically assisted) approach. 
The choice of  access to the fracture is determined by operative experience, and 
available equipment – especially the specific instruments required for an intraoral 
endoscopically assisted approach (Eckelt and Loukota, 2010).

The use of  an external approach (versus an intraoral approach) brings with it a 
large number of  possible complications, including dysfunction of  the facial nerve, 
sialocoele, salivary fistula, Frey’s syndrome and, last but not least, the presence of  
a postoperative scar. Risk of  haematoma, infectious complications, or fragment 
malunion are equally common for both approaches (Eckelt and Loukota, 2010;  
Al-Moraissi et al., 2018; Rozeboom et al., 2018).

The retromandibular approach was first described in 1967 as an external approach 
to vertical sub-condylar osteotomy (Hinds and Girotti, 1967), and was subsequently 
used as an approach for the treatment of  sub-condylar fractures. The length of  cut in 
the retromandibular approach may vary. The cut is guided by the jaw edge under the 
earlobe (Eckelt and Loukota, 2010), and the incision can be extended pre-auricularly 
(Wilson et al., 2005; Salgarelli et al., 2013) or to the posterior auricular region (Choi, 
2015). The authors have only utilised the retromandibular acces for TMAP  
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as published by Biglioli and Colletti (2008). This approach enabled the authors to 
have an adequate operative field for repositioning and fixation of  the fragments; 
in the authors’ work, an unsatisfactory anatomical reduction only occurred 
perioperatively in one case.

Retromandibular access can be gained in three ways – trans-masseteric antero-
parotid, trans-masseteric subcutaneous or the most commonly used – trans-parotid 
approach (Eckelt and Loukota, 2010; Al-Moraissi et al., 2018; Bruneau et al., 2018; 
Rozeboom et al., 2018). According to a review published by Rozeboom et al. (2018) 
(70 studies, 2,783 patients), 59.4% used the trans-parotid retromandibular approach 
and 12.5% a non-trans-parotid approach.

The most frequent risk of  external approach to TMJ fractures is injury to the 
facial nerve – which is located directly within the operative field. Al-Moraissi et al. 
(2018), in the systemic review, evaluated facial nerve injuries in 96 studies (a total 
of  3,873 patients with articular fractures); the incidence of  temporary hypofunction 
of  the facial nerve was between 0 and 19%, with 0.3–2.2% reporting persistent 
hypofunction of  the facial nerve. In the review of  Al-Moraissi et al. (2018), the 
risk of  temporary facial nerve injury in sub-condylar fractures accessed from a 
retromandibular incision using a trans-parotid approach with facial nerve preparation 
was 11.8%, using a trans-parotid approach without nerve preparation 10.5%, trans-
masseteric antero-parotid approach 3.3%, and in a trans-masseteric antero-parotid 
approach extending pre-auricularly 2.3%. As the branches of  the facial nerve are 
well visualized within the operative field, transient paresis is most often caused by 
postoperative swelling or retraction of  the nerve perioperatively (Wilson et al., 
2005; Eckelt and Loukota, 2010). Kanno et al. (2016) showed a significantly higher 
risk of  transient paralysis of  the facial nerve in dislocated fractures. Only TMAP was 
used in the authors’ work, and facial nerve hypofunction was recorded in 3 cases 
(6.8%), with hypofunction in all cases temporary, and complete function restored 
within 1 week. The higher percentage of  temporary facial nerve palsy may be related 
to the fact that a mini-retromandibular approach was used in all cases, necessitating  
a greater pressure by retractors on the surrounding tissues (including the branches 
of  the facial nerve).

Other postoperative complications are related to the parotid gland. Rozeboom 
et al. (2018) presented a review of  the risk of  sialocoele as 2.33% and salivary 
fistula as 4.3% when using external access, these risks being mainly associated with 
the trans-parotid approach. For the antero-parotid trans-masseteric approach, this 
complication is referred to as zero by a series of  authors (Wilson et al., 2005; Trost 
et al., 2009; Narayanan et al., 2012; Leiser et al., 2013; Salgarelli et al., 2013), as 
access by careful preparation occurs superficially to the glandular capsule. However, 
even during this preparation, the integrity of  the capsule may be compromised. In 
the authors’ work, sialocoele was a postoperative complication in 2 patients (4.5%).

28.6% of  patients in the review by Rozeboom et al. (2018) suffer from the 
postoperative complication of  an (aesthetically) unsatisfactory scar. In the authors’ 
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work, an unsatisfactory scar was reported in 2 patients (4.5%), but in both cases, the 
surgical wounds had been complicated by infection. In all other cases (where there 
was physiological healing), the scar was assessed by the patients to be satisfactory. 
Similar results are reported by Bruneau et al. (2018) (wound dehiscence occurred in 
1 patient out of  43 operated – 2.3%).

Infectious complications were noted in the authors’ work in 2 patients (4.5%), 
in both cases comminuted fractures. Similar results were reported by Trost et al. 
(2009). Rozeboom et al. (2018) then gave an overall incidence of  inflammatory 
complications as 2.7%, with the retromandibular approach being most at risk of  
this. The onset of  infection may be related to haematoma retention at the surgical 
wound site, prolonged operating time, and infection of  the surgical wound by the 
perioperative introduction of  intermaxillary fixation (Eckelt and Loukota, 2010).

Similar to other authors presenting TMAP (Wilson et al., 2005; Trost et al., 2009; 
Narayanan et al., 2012; Leiser et al., 2013), Frey’s syndrome was not reported in 
the authors’ work. However, Rozeboom et al. (2018) indicated a total incidence of  
0.74% for external approaches (most often in approaches using a retromandibular 
incision).

Another complication related to TMAP is muscle pain – resulting from 
postoperative muscle contraction or muscle scarring (Eckelt and Loukota, 2010). 
In the authors’ work, muscle pain was observed in 3 patients (6.8%), eliminated by 
targeted postoperative muscular rehabilitation. Postoperative muscle contraction 
was related to a limitation of  jaw movement. In the authors’ work, an abduction 
limitation (MIO below 30 mm) was seen in 9 patients (23%) 6 weeks after surgery. 
In later check-ups, opening had been improved by physiotherapy and rehabilitation. 
These results are in agreement with other authors (Trost et al., 2009; Leiser et al., 
2013).

The other complications reported in the results were not directly related to the 
operational approach used. These included a postoperative occlusion disorder, 
infection, and a functional TMJ disorder.

The most common cause of  an unsatisfactory postoperative occlusion was the 
insufficient use of  perioperative intermaxillary fixation or insufficient reduction 
of  the proximal fragment. These occlusion disorders were noticed by the patient 
immediately after surgery (Eckelt and Loukota, 2010). Disorders of  occlusion 
occurred in 2 cases, 3 weeks after surgery; in both cases, the patients had suffered 
postoperative wound infection, followed by loosening of  the osteosynthesis 
and dislocation of  the proximal fragment. In one case, resorption occurred after 
fragment union, and the patient experienced a change in their occlusion 3 months 
after surgery. In one case, there was non-union between the proximal fragment 
and the mandible, and its subsequent resorption. Avascular necrosis of  the joint 
head, leading to its’ resorption, often presents after extensive stripping of  tissues 
from the proximal fragment, or even by its removal from the surgical wound and 
subsequent re-insertion. However, damage to the bony structure initially occurs due 
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to the force of  impact from their original trauma (Eckelt and Loukota, 2010). The 
cause of  necrosis was not demonstrated by the authors of  this study – the proximal 
fragment was never removed from the wound and the authors were not aware of  
any extensive stripping of  the muscles.

TMJ dysfunction detected by audible TMJ phenomena was due to dislocation 
and reposition of  the disc. One of  the aetiological factors behind disc dislocation is 
trauma (Laskin et al., 2006), however, disc dislocation with a fracture of  the  
articular joint cannot be objectively assessed because it relies purely on patients 
informing us that they did not suffer from this prior to their trauma. Overall, TMJ 
pathological conditions are reported as uncommon complications (Eckelt and 
Loukota, 2010).

Conclusion
A trans-masseteric antero-parotid approach facilitates rapid surgical performance 
with a good visual field, enabling an accurate reduction and fixation of  sub-condylar 
fractures of  the TMJ. The complications associated with this approach are, for the 
most part, temporary, and the relatively poor aesthetics of  a scar is considered 
acceptable by patients. Overall, it is possible to evaluate the TMAP approach as safe, 
and the authors recommended it for the treatment of  sub-condylar fractures of  the 
mandible.
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Abstract: To evaluate the role of  magnetic resonance spectroscopy imaging 
(MRSI) parameters to predict early biochemical recurrence (BCR) after radical 
prostatectomy (RP) in patients with non-metastatic prostate cancer (PCa). 
Between November 2010 and March 2012, 60 consecutive patients with clinically 
non-metastatic biopsy confirmed PCa underwent RP after MRSI assessment in a 
prospective study. Demographic, clinicopathological, magnetic resonance imaging 
(MRI) staging, MRSI parameters, and postoperative serum prostate-specific antigen 

were recorded. The univariate and multivariate Cox regression analyses were used 
to assess the association between potential prognosticators and early BCR (BCR 
less than 12 months after RP). In univariate Cox regression, preoperative serum PSA 
(prostate-specific antigen) (HR – hazard ratio = 1.016, p=0.003), surgical Gleason 
score > 7 (HR = 5.034, p=0.006) and MRSI risk score (HR = 4.061, p=0.0001); 
and in multivariate model, preoperative serum PSA (HR = 1.012; p=0.046), surgical 
GS > 7 (HR = 4.196; p=0.017) and MRSI risk score (HR = 3.256; p=0.013) were 
associated with early BCR. The greatest AUC (area under the curve) was related to 
MRSI risk score (AUC = 0.733) and the AUC of  the multivariate model was 0.776. 
MRI/MRSI parameters specially MRSI risk score might be acceptable predictors of  
early BCR. These parameters can improve the accuracy of  predictive nomograms to 
assess the risk of  BCR after RP.

https://doi.org/10.14712/23362936.2019.12 
© 2019 The Authors. This is an open-access article distributed under the terms of  the Creative  
Commons Attribution License (http://creativecommons.org/licenses/by/4.0).
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Introduction
Prostate cancer (PCa) is the second most common cancer in men (Parkin et al., 
2005), that consists of  15% of  all new cancers in men (Ferlay et al., 2015). Most of  
the prognosticators that predict oncological outcomes after radical prostatectomy 
(RP) are related to the surgical specimen (Kattan et al., 1998; Han et al., 2003; 
Stephenson et al., 2006). Therefore, pre-operative predictive factors could be 
valuable for prediction of  RP outcomes and also help urologists and patients to 
perform appropriate decision-making.

Recently, it has been demonstrated that magnetic resonance imaging (MRI) and 
magnetic resonance spectroscopy imaging (MRSI) are useful to predict oncological 
outcomes after RP (D’Amico et al., 2000; Pucar et al., 2004; Shukla-Dave et al., 
2007).

In this study, we assess MRSI and MRI related prognosticators to predict the early 
biochemical recurrence (BCR) and time to early BCR after RP in patients with  
non-metastatic PCa.

Material and Methods
This study was conducted in agreement with the Declaration of  Helsinki and it was 
approved by the local Ethics Committee. Between November 2010 and March 2012, 
60 consecutive patients with biopsy-confirmed non-metastatic PCa were included 
in this prospective study after signing informed consent. Patients underwent MRI 
and MRSI six weeks after prostate biopsy. All cases have been subjected to standard 
open radical retropubic prostatectomy by one surgeon. The mean duration between 
MRI/MRSI and surgery was 29 days. Patients were followed-up by prostate-specific 
antigen (PSA) 45 days after surgery and every 3 months for the first year and then 
every 6 months. BCR has been defined as a postoperative PSA ≥ 0.4 ng/ml followed 
by an increasing PSA. Early BCR was defined as BCR less than one year after RP. 
All patients with confirmed metastasis on bone scan or chest/abdominal computed 
tomography scan before RP or patients with a positive surgical margin after RP were 
excluded from the study. Demographic, clinicopathological and imaging data including 
patient’s age, preoperative serum PSA, biopsy cores number, malignant biopsy cores 
percentage, biopsy Gleason score (GS), prostate weight, prostate involvement 
percentage (in the surgical specimen), and surgical GS were recorded. This study was 
approved by the ethics committee of  the Tehran University of  Medical Sciences.

MRSI technique and interpretation
Patients underwent MRI (T1W, T2W and dynamic contrast-enhanced [DCE]) and 
multivoxel MRSI with endorectal coil using Siemens Magneto Avanto 1.5 T, 18 
Channel T-Class magnetic resonance machine prior to surgery. In MRI, lesions with 
a hypointense signal on T2W without a hyperintense signal on T1W that have been 
enhanced earlier than or contemporaneously with an enhancement of  adjacent 
normal prostatic tissues were defined as malignant and as “index lesion” (Zakian 
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et al., 2010; Weinreb et al., 2016). In index lesion of  each patient, the ratio of  
choline plus creatine to citrate (Ch + Cr/Ci) was measured in voxels with 0.216 ml 
volume. In addition, the voxels according to the quantitative ratio were divided into 
two groups; healthy voxels (ratio < 0.5) and non-healthy voxels (ratio ≥ 0.5). Non-
healthy voxels were categorized into three groups; low-grade voxels (0.5 ≤ ratio 
≤ 0.6), intermediate grade voxels (0.7 ≤ ratio ≤ 3), and high-grade voxels (ratio > 3).

Equation: (1×LG)+(2×IG)+(3×HG)
100

 was used to calculate “MRSI risk score” for each 

patient (LG: low-grade voxels percentage; IG: intermediate grade voxels percentage; 
HG: high-grade voxels percentage) (Weinreb et al., 2016). For MRI grouping, a 
three-point staging (as same as pathologic T stage definition) was used, as follows: 
1) tumour confined within prostate (T2); 2) tumour extends through the prostate 
capsule (T3); 3) tumour is fixed or invades adjacent structures other than seminal 
vesicles, such as external sphincter, rectum, bladder, levator muscles, and/or pelvic 
wall (T4).

The MRI and MRSI of  patients were interpreted by a radiologist with 10 years  
of  experience in prostate imaging interpretation. We matched tumour locations on 
MRSI and location on step-section pathology maps.

Statistical analysis
Data were analysed by the statistical package for the social sciences (SPSS Inc., 
Chicago, IL, USA) software version 22. The overall BCR-free survival graph and 
BCR-free survival graphs by categorical variables were designed. The univariate 
Cox regression analysis was used to assess the association between potential 
prognosticators and early BCR. Continuous variables with a hazard ratio (HR)  
> 1 and p<0.05 in univariate Cox regression analysis and categorical variables with 
p<0.05 in the log-rank test were considered for a multivariate Cox regression 
model. AUCs (AUC – area under the curve) were calculated and the ROC (receiver 
operating characteristic) curve of  the multivariate model was plotted. A p-value less 
than 0.05 was considered statistically significant.

Results
Demographic, clinical and pathological characteristics of  patients are demonstrated 
in Table 1. The mean patients’ age and follow-up duration were 64.2 years (range 
46–78 years) and 32.3 months (range 12–90 months), respectively. Nineteen 
patients (31.7%) had BCR during 12 months after RP, with the mean time to 
early BCR of  5.9 months (range 1.5–12 months). BCR-free survival at 3rd, 6th and 
12th month were 91.67% (81.13–96.44%), 81.65% (69.32–89.39%) and 69.68% 
(56.27–79.70%), respectively.

The mean of  MRSI risk scores was 0.91 (range 0–2.37). The mean of  Ch + Cr/Ci 
means of  non-healthy voxels was 1.93 (range 0.58–8.44). The mean of  maximum  
Ch + Cr/Ci was 4.83 (range 0.46–19.80). The mean of  high-grade voxels 
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Table 1 – Demographic, clinical and pathological characteristics  
of non-metastatic prostate cancer patients treated with radical 
prostatectomy

Characteristic Value

Age, mean ± SD (range), years 64.2 ± 7.6 (46–78)

Preoperative serum PSA, mean ± SD (range), ng/ml 15.2 ± 24.1 (2.3–160)

Biopsy cores number, mean ± SD (range) 11.3 ± 5.2 (6–27)

Malignant biopsy cores percentage, mean ± SD (range) 39.0 ± 17.8 (7.5–100)

Biopsy Gleason score, No. of  patients (%) <7
7

>7

20 (33.3)
30 (50.0)
10 (16.7)

Prostate weight, mean ± SD (range), g 50.6 ± 17.3 (13–121)

Prostate involvement percentage, mean ± SD (range) 22.2 ± 15.4 (1.5–90)

Surgical Gleason score, No. of  patients (%) <7
7

>7

29 (48.3)
22 (36.7)

9 (15.0)

PSA – prostate-specific antigen; SD – standard deviation

Figure 1 – Kaplan-Meier graphs present overall biochemical recurrence (BCR) free survival and BCR-free survival 
by three categorical variables.
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Table 2 – BCR-free survival by categorical prognosticators of prostate 
cancer patients treated with radical prostatectomy

3rd month
(95% CI)

6th month
(95% CI)

9th month
(95% CI)

12th month
(95% CI)

Log-rank 
test

(P-value)

BCR-free survival by surgical Gleason score

<7

=7

>7

93.10
(75.14–98.23)

95.45
(71.87–99.35)

77.78
(36.48–93.93)

86.14
(67.16–94.56)

90.91
(68.30–97.65)

44.44
(13.59–71.93)

82.55
(63.02–92.34)

90.91
(68.30–97.65)

33.33
(7.83–62.26)

78.88
(58.87–89.92)

72.73
(49.10–86.71)

33.33
(7.83–62.26)

0.004

BCR-free survival by pathological T stage

Localized 
(T2)
Locally advanced  
(T3 and T4)

93.75
(77.25–98.40)

86.36
(63.44–95.39)

81.19
(62.84–91.08)

77.27
(53.74–89.85)

77.94
(59.21–88.83)

77.27
(53.74–89.85)

74.63
(55.57–86.43)

63.64
(40.29–79.88)

0.369

BCR-free survival by MRI staging

Localized
(T2)
Locally advanced  
(T3 and T4)

94.23
(83.17–98.10)

71.43
(25.82–91.98)

86.52
(73.79–93.33)

42.86
(9.78–73.44)

84.55
(71.47–91.96)

42.86
(9.78–73.44)

76.61
(62.49–85.99)

14.29
(0.71–46.49)

0.0001

BCR – biochemical recurrence; MRI – magnetic resonance imaging; CI – confidence interval

percentage was 14.6% (range 0–50%). The mean of  non-healthy voxels percentage 
and number were 45.6% and 6.1, respectively.

The overall BCR-free survival graph and BCR-free survival graphs by categorical 
variables are shown in Figure 1. There was a statistically significant difference 
between the surgical GS groups (p=0.003) and MRI staging groups (p=0.0001), in 
the log-rank test (Table 2).

Table 3 presents associations between MRI/MRSI parameters and early BCR 
in univariate and multivariate analyses and AUCs. Preoperative serum PSA 
(HR = 1.016, p=0.003), surgical GS > 7 (HR = 5.034, p=0.006) and MRSI risk 
score (HR = 4.061, p=0.0001) were associated with early BCR in univariate Cox 
regression analysis. In the multivariate Cox regression model, preoperative serum 
PSA (HR = 1.012; p=0.046), surgical GS > 7 (HR = 4.196; p=0.017) and MRSI risk 
score (HR = 3.256; p=0.013) were associated with early BCR. Figure 2 illustrates 
the ROC curve of  the multivariate model predicting early BCR. The greatest AUC 
was related to MRSI risk score (AUC = 0.733). The AUC for the multivariate model 
was 0.776, which confirms a greater predictive value of  multivariate model than each 
variable. Figure 3 shows a sample of  index lesion consisted of  3 voxels with high 
Ch + Cr/Ci ratio.
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Figure 2 – ROC (receiver operating characteristic) curve of  clinicopathological and MRI/MRSI parameters 
(preoperative serum PSA, surgical Gleason score and MRSI – magnetic resonance spectroscopy imaging risk 
score) in the prediction of  biochemical recurrence (BCR) free survival in a multivariate analysis.

Figure 3 – Magnetic resonance spectroscopy imaging 
of  a 63-year-old man with a localized prostate cancer.
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Discussion
BCR after RP represents a local or distant cancer control failure and has a critical 
role in the patient’s management. The incidence of  post-RP BCR is estimated up 
to 45% (Loeb et al., 2011; Liesenfeld et al., 2017). Both early and late BCR are 
related to PCa specific death (Ferlay et al., 2015). Pound et al. (1999) showed 
that time to BCR was significantly associated with the development of  metastatic 
disease in patients with PCa. Therefore, accurate prognostic models predicting early 
disease recurrence might help to perform a proper decision-making process such as 
neoadjuvant treatments.

Several parameters including patient’s age, preoperative PSA, surgical GS, and 
pathological stage, are frequently used variables to predict biochemical failure after 
RP (Liesenfeld et al., 2017). Some validated nomograms have been designed to 
predict BCR and relapse after definitive treatment of  PCa (Kattan et al., 1998; Han 
et al., 2003; Stephenson et al., 2006).

Stephenson et al. (2006) evaluated the long-term post RP recurrence in a 
predictive nomogram including clinical stage, serum PSA, and biopsy Gleason grade, 
number of  positive and negative biopsy cores, and year of  surgery. The authors 
concluded that these parameters might improve the accuracy of  the previously 
explained nomogram to predict 1 to 10 years’ progression-free survival after RP.

Zakian et al. (2010), assessed the prognosticative value of  MRI/MRSI findings 
to predict BCR after RP in 132 patients with PCa. They presented the MRSI index 
lesion volume and the presence of  high-grade MRSI voxels as valuable parameters 
to predict time to BCR after RP. These new modalities can be used to improve the 
accuracy of  oncological outcomes predictor nomograms (Zhang et al., 2017).

In this study, we evaluated several MRI/MRSI parameters in details to find a 
reasonable correlation between these prognosticators and early BCR. Kaplan-
Meier survival graphs for biochemical recurrence-free survival demonstrated a 
significant association between surgical GS and MRI staging and early BCR. MRSI 
risk score has a greater AUC (0.733) in comparison with other predictive factors. 
Moreover, surgical Gleason score > 7 was a significant factor to predict early BCR 
in the multivariate analysis. The statistical value of  MRSI parameters to predict the 
oncological outcome after RP has been analysed by some investigators. Nomograms 
including MRI/MRSI parameters might be more accurate to predict oncological 
outcomes of  patients after RP in comparison with popular nomograms such as 
D’Amico and cancer of  the prostate risk assessment (CAPRA) score (Zhang et al., 
2015, 2017).

Zhang et al. (2017) in an MRI-based analysis of  predictors assessed the oncologic 
outcomes after RP in 205 patients with PCa in a retrospective study. They compared 
the performance of  MRI-based nomogram with D’Amico and CAPRA schemes in 
term of  3 years BCR after RP and found a greater AUC for MRI-based nomogram 
(AUC 0.909 for MRI-based nomogram versus 0.901 and 0.894 for D’Amico and 
CAPRA, respectively).
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We excluded patients with a positive surgical margin to modify cofounder effect 
of  such an important predictor affecting early BCR. No patient received any 
neoadjuvant or adjuvant therapy before BCR. So, these predictors might be helpful 
to find cases with clinically organ-confined PCa that may benefit from neoadjuvant or 
early adjuvant treatments.

The present study has some limitations. First, short-term follow-up of  32.3 months 
could be considered a limitation of  our study. As we analysed early BCR rate 
(biochemical recurrence less than 12 months), this follow-up period can be 
regarded sufficient. Second, the small sample size of  the present study makes robust 
recommendation difficult. The results of  this study may be confirmed by future 
prospective large sample studies.

Conclusion
MRSI/MRI parameters might be useful to find high-risk patients for early BCR. 
These potential prognosticators can influence the surgeon and the patient’s decision-
making process to select an appropriate treatment strategy. Moreover, MRSI/MRI 
parameters might be included in predictive nomograms to increase the accuracy of  
these prognostic tools in patients with PCa.
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Abstract: Ageing is associated with the accumulation of  damage to all the 
macromolecules within and outside cells leading to progressively more cellular and 
tissue defects and resulting in age-related frailty, disability and disease. As a result 
of  the aging process the bone deteriorates in composition, structure and function. 
Age-related musculoskeletal losses are a major public health burden because they 
can cause physical disability and increased mortality. We tried to find out on a 
small set of  old women, without risk factors for osteoporosis, what caused them 
the loss of  bone minerals. All 492 women had just only one risk factor – the old 
age. Laboratory findings have shown a decreased serum C telopeptide and low 
serum alkaline phosphatase circulating markers, used to quantify bone resorption 
and formation, and very low level of  vitamin D. Very low level of  vitamin D 
that disrupted calcium absorption through the intestine, and decreased calcemia 
increased parathyroid hormone levels with resulting bone effect. The manifestation 
of  physiological aging is worsening eyesight, peripheral neuropathy, depression, 
worsening of  physical condition, skin aging, sarcopenia and bone mineral loss. Senile 
osteoporosis, which is not caused by known risk factors for osteoporosis, does not 
appear to be a separate disease, but is part of  the physiological process of  aging. 
Treatment of  senile osteoporosis should be focused on the control of  secondary 
hyperparathyroidism by administration of  vitamin D and calcium. The risk of  
fractures in the advanced age is determined by a large number of  factors ranging 
from hazards in the home environment to frailty and poor balance.
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Introduction
The very old age is difficult to define. It is the last phase of  life, in which the 
involution, the sum of  the involutional changes (extinction, “drop”, atrophic), with 
deterioration of  the fitness, the resistance and the adaptability of  the organism is 
more pronounced. We are talking about frailty syndrome. Frailty was proposed by 
Fried and colleagues (2001) using data from the cardiovascular health study and is 
based on five characteristics: unintentional weight loss, muscle weakness, reduced 
energy and endurance, slowness of  gait and low physical activity.

The body changes with aging because changes occur in individual cells and in 
whole organs. These changes result in changes in function and in structure. When 
the number of  cells becomes too low, an organ cannot function normally. Thus, 
most organs during aging start to function sub-optimally. The manifestations of  
physiological aging are deteriorating vision, peripheral neuropathy, depression, 
deconditioning, skin aging, sarcopenia, osteoporosis and movement disorders.  
Age-related musculoskeletal losses are a major public health burden because they 
can cause physical disability and increased mortality.

Bones become less dense partly because they contain less calcium (which  
gives bones strength). The amount of  calcium decreases because the body  
absorbs less calcium from foods. Also, levels of  vitamin D, which helps the body 
use calcium, decrease. Certain bones are weakened more than others. Those  
most affected include the end of  the thighbone (femur) at the hip, the ends of   
the arm bones (radius and ulna) at the wrist, and the bones of  the spine 
(vertebrae).

Osteoporosis (OP) is predominantly a condition of  the elderly although the age 
profile varies for different fractures. Senile osteoporosis is a type of  osteoporosis, 
a disease of  bone leading to an increased risk of  fracture due to reduced bone 
density in aging people. There is calcium deficiency which leads to deterioration of  
the bone structure, involves a thinning of  both the trabecular (spongy) and cortical 
(hard) bone.

The study has been undertaken to find out if  the old age without other risk 
factors for osteoporosis can be the only cause for involutional osteoporosis. 
The primary efficacy endpoint was to find out if  there are women with low bone 
mineral content who are just only old.

Methods
We studied 492 women who were recruited from 3,000 patients treated at the  
3rd Department of  Medicine – Department of  Endocrinology and Metabolism, First 
Faculty of  Medicine, Charles University and General University Hospital in Prague 
during the years 2016 and 2017. Women who were 75 years of  age or older were 
considered to be eligible if  they had received first time a diagnosis of  osteoporosis 
and did not have known risk factors for osteoporosis and who had been visited on 
our outpatient ward for first time.
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Women were excluded if  they had hypercalcemia, hypocalcemia, recent use 
of  drugs affecting bone metabolism or have hysterectomy and adnexotomy or 
if  they had taken estrogen, or glucocorticoids within the preceding 2 years or 
bisphosphonates at any time.

At the first visit to the outpatient ward medical history was recorded and all 
patients underwent physical examination. A study questionnaire was used for 
recording the relevant demographic and clinical data (age, weight, height, abdominal 
girth, smoking habit, medications and concomitant disease).

All patients provided written informed consent and the protocol was approved by 
the appropriate ethical review boards.

The research group consists of  492 women aged 75–92 years with an average 
age of  80 ± 7 years, with a T-score of  more than –2.5 SD (standard deviation) at 
the lumbar spine or total hip or femoral neck were eligible for participation. Clinical 
risk factors used for the assessment of  fracture probability were: previous fragility 
fracture, glucocorticoid treatment, current smoking, untreated hypogonadism, 
inflammatory bowel disease, prolonged immobility, thyroid disorders and HIV 
infection (Kanis et al., 2019).

Standing height and weight measurements were completed with participants 
wearing lightweight clothing and no shoes. Body mass index (BMI) was calculated. 
Standard laboratory tests were used to determine levels of  calcium, phosphate 
alkaline phosphatase, gamma glutamyl transferase and cholesterol.

Laboratory parameters used to evaluate changes in bone turnover were serum 
C-terminal telopeptide of  collagen I (βCTX) to assess the rate of  bone resorption 
and serum alkaline phosphatase with GGTP (gamma glutamyl transpeptidase) to 
assess the rate of  bone formation. Assays were performed at the central laboratory.

Bone mineral density (BMD) was measured at the lumbar spine (L1–L4), total 
femur (TF), femoral neck (FN), in all participants by using a dual energy X-ray 
absorptiometry (DXA) densitometer (Discovery A, Hologic, Inc., MA, USA, 
Software 6 version: Apex 3.5.1) or DEXA Lunar Prodigy. Patients and control 
groups were measured on the same densitometer. BMD was expressed as g/cm2 
of  hydroxyapatite and as T-scores (standard deviation from the mean of  a healthy 
population of  the same age).

Spine radiographs were evaluated at a central site. Screening spine radiographs 
were evaluated for the presence or absence of  a vertebral fracture using the semi-
quantitative scale (Genant et al., 1993). Atraumatic fractures were defined as 
fracture following insignificant antecedent trauma such as bending, twisting, sneezing 
or coughing.

Results
All results are given in Table 1. The present study included a total of  492 women 
with age 80 ± 7 years. The women had low normal calcium, high normal parathyroid 
hormone, very low concentration of  25(OH)D and normal phosphate.
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Circulating biochemical marker of  bone formation (gamma glutamyl transferase 
and alkaline phosphatase) was not significantly higher. The marker of  bone 
resorption serum CTx was normal not suggesting increase in bone remodelling.

The women had normal cholesterol and had overweight. 45 women (9%) had one 
radiologically defined fracture.

Bone mineral density in femoral neck and lumbar spine measured by T-score has 
been in the range of  osteoporosis (T-score < –2.5 SD).

Discussion
As a result of  the aging process the bone deteriorates in composition, structure 
and function (Demontiero et al., 2012). The mineral composition of  bone changes 
with advancing age. Bone matrix, the framework of  skeletal cells, becomes weaker 
and thinner. With advancing age, a negative balance in bone remodelling results 
in decreased bone mass and alterations in the bone structure. The amount of  
bone resorbed by the osteoclasts is not fully restored with bone deposited by the 
osteoblasts and this imbalance leads to bone loss. Loss of  bone mass and strength 
in humans with advancing age, is associated with an increase in the prevalence of  
apoptotic osteoblasts and osteocytes and a corresponding decrease in osteoblast 
number and decreased bone formation rate (Almeida, 2012). Several studies have 
reported considerable variations in the shape of  osteocytes and their lacunae 

Table 1 – Clinical and biochemical data from 492 women with 
osteoporosis (means ± SD)

Number – 492

Sex (female)
Age (years)
BMI (kg/m2)
S. calcium (mmol/l) (2.0–2.7)
S. phosphate (mmol/l) (0.65–1.61)
S. PTH (pmol/l) (1.58–6.03)
Uric acid (mmol/l) (220–420)
S. creatinine (µmol/l) (44–110)
S. total cholesterol (mmol/l) (2.9–5.2)
Calcidiol (ng/ml) (30–80)
CTx (ug/l) (0–1008)
Polymorbidity
Degenerative changes in axial skeleton and supporting joins
ALP (µkat/l) (0.65–2.20)
GGTP (µkat/l) (0.14–0.84)
Back pain
Fracture presented on X-ray

492
80 ± 7

28.8 ± 3.6
2.34 ± 0.2
1.16 ± 0.3

6.2 ± 2.8
368 ± 45

74 ± 5
6.23 ± 0.6
10.6 ± 5.2
525 ± 170
468 (96%)
482 (98%)
1.39 ± 0.14
0.38 ± 0.02
482 (98%)

45 (9%)

SD – standard deviation; BMI – body mass index; S. – serum; PTH – parathyroid hormone; CTx – C-terminal 
telopeptide; ALP – alkaline phosphatase; GGTP – gamma glutamyl transpeptidase
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with aging. The osteocytes are considered to be the cells responsible for sensing 
mechanical signals on the bones and consequently orchestrating the activity of  
osteoblasts and osteoclasts (Hemmatian et al., 2017). Senile osteoporosis, also 
referred to as degenerative osteoporosis, occurs as a result of  aging on the bones. 
Most of  bone mass in human body is the cortical bone. Typical for very old people is 
the excessive cortical bone thinning and risk of  nonvertebral fractures. Nonvertebral 
fractures form 75% of  all fractures after 60 years of  age (Bliuc et al., 2014). Bone 
is a tissue with continual active metabolic turnover associated with its remodelling 
(Riggs et al., 2004). Increased bone resorption leads to the initial fall in bone mineral 
density. With increasing age there is also a significant reduction in bone formation. 
This is mostly due to a shift from osteoblastogenesis to predominant adipogenesis 
in the bone marrow. There is predominant differentiation of  mesenchymal stem 
cells (MSCs) into adipocytes at the expense of  osteoblasts (Rosen et al., 2009). 
The lipotoxicity of  marrow adipocytes on bone comes from the observation of  
PPARγ induction by thiazolidenediones (Broulík et al., 2011). With aging there is a 
lower levels of  osteoblast differentiation (Lecka-Czernik, 2006).

As a person ages, especially after crossing the age of  70, there is impairment in the 
function of  the kidneys with decreased absorption and ability to synthetize vitamin D. 
The decreased concentration of  vitamin D hinders the amount of  calcium which can 
be absorbed. Decreased calcium levels trigger the parathyroid hormone to send 
signals to the body to reabsorb the bone in order to compensate for the deficiency 
of  calcium in the body. All this results in gradual eroding of  the spongy and hard 
bone structure with a resultant increased risk of  bone fractures (Demontiero et al., 
2012). New bone formation slows down with increasing age, and the rate by which 
old bone cells are reabsorbed increases. Age-related factors in etiopathogenesis 
of  senile osteoporosis include low intake of  vitamin D and reduced capacity to 
synthesize vitamin D in skin of  elderly individuals. At the age of  70, the activity 
of  enzymatic apparatus of  the skin synthetizing vitamin D is up to 10-times lower 
than in young individuals. Vitamin D is not common in food. With increasing age 
hydroxylation of  vitamin D slows down and resistance of  target tissue to the active 
vitamin D metabolite calcitriol increases. Lower levels of  active vitamin D metabolite 
lead to reduced intestinal absorption of  calcium and hypocalcemia, stimulating 
production and release of  parathyroid hormone (PTH) by parathyroid glands; the 
patients’ levels of  immunoreactive PTH (senile secondary hyperparathyroidism) are 
increasing. There occurs imbalance in bone remodelling in favour of  bone resorption, 
with marked multiplication of  resorption cavities and their inadequate filling with 
osteoblasts.

Lack of  vitamin D and its active metabolites also results in reduced muscle 
strength, up to 4-times in the quadriceps, and limited neuromuscular coordination. 
Muscle weakness contribute to fatigue, weakness and reduced activity tolerance. 
Sarcopenia recently has been defined as reduced skeletal muscle mass associated 
with low muscle strength poor physical performance or both (Cruz-Jentoft et al., 
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2019). The amount of  muscle tissue and muscle strength tend to decrease beginning 
around age 30 and continuing throughout life (Kemp et al., 2018). Sarcopenia and 
osteoporosis are both processes associated with aging caused by a decrease in mass 
and quality, with very similar etiological moments and very similar pathogenesis. 
Analyzes of  geriatric patients show that the vast majority of  them suffer from both 
sarcopenia and osteoporosis. Some of  people speak of  sarcoporosis ( Jenšovský, 
2012).

Joint problems ranging from mild stiffness to debilitating arthritis have been very 
common in our women. Additionally, the use of  medications and the presence of  
health problems increases as people grow older, and these things may interfere 
with how the body uses nutrients needed for bone health. Some medications and 
health conditions prevent absorption of  minerals. Collagen formation may become 
impaired.

In the aging process, bone is also adversely affected by decrease in production of  
bone anabolic peptides, such as growth hormone, insulin and insulin growth factor I, 
and adrenal steroids, such as dehydroepiandrosterone and androstenedione.

An important factor with a negative impact on bone mass is immobilization, even 
if  short-term, when due to insufficient stimulation of  bone mechanoreceptors, 
bone resorption prevails over bone formation. Elderly persons have often their 
joint apparatus damaged by degenerative diseases limiting their mobility, ability to 
walk and protracting periods of  immobility, which are significant risk factors for 
development of  osteoporosis.

Of  a great interest is the relation between blood circulation and bone metabolism. 
Ischemia caused by ligature of  the femoral artery in rabbits resulted in cortical 
thinning and reduction of  the mechanical resistance of  the bone. Laroche et al. 
(1995) found atherosclerotic changes in interosseous arteries that were similar to 
those in coronary arteries.

Bones receive about 5% of  cardiac output. A limiting factor for centrifugal 
resorption is most probably the demand of  most remote cells for adequate supply 
of  oxygen and amino acids, and the possibilities of  removing waste products. Of  
great importance for bone cells and their metabolic activity is the regional blood 
flow. Our group of  women with compression fractures of  vertebral bodies exhibited 
a higher incidence of  ischemic heart disease or ischemic disease of  lower limbs 
(Broulik et al., 1982).

BMD decreases with the patient’s increasing age, 50% of  women in 70–79-year 
age group have T-score of  bone density in the femoral neck less than –2.0 SD and 
at the age of  80 years and more their number increases up to 70%. In patients 
over 75 years, Z-score rather than T-score should be taken into account. However, 
experienced osteologists do not focus merely on densitometry that may be 
associated with a number of  errors (degenerative changes in the spine) especially 
in the region of  the L-spine, but assess all indicators of  the disease, including the 
patient’s habitus (Schousboe et al., 2013).
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In elderly patients, the predictive value of  densitometry assessment of  the proximal 
femur is much higher. BMD measuring of  the proximal femur and femoral neck has 
shown that a higher incidence of  fractures in these locations is associated with a 
lower BMD value. Although there are not many longitudinal studies measuring BMD 
in the elderly, it seems that in some patients, loss of  the cortical, and perhaps also 
trabecular, bone stops after the age of  70.

Elderly patients with senile osteoporosis should be diagnosed on a case-by-case 
basis, as in advanced age a number of  severe degenerative changes can be found in 
the spine concomitantly with osteoporosis that may play a significant role in explaining 
the patients’ complaints.

The treatment of  involutional osteoporosis is currently much more effective in 
prevention of  bone loss than in its restoration. Treatment of  elderly patients is less 
effective than in the young individuals. Data on treatment of  osteoporosis reported 
in the literature relate almost exclusively to the population younger than 75 years. 
It should be noted that the speed of  loss of  the cortical and trabecular bone 
changes with increasing age and its response to treatment varies. Trabecular bone is 
metabolically more active than cortical bone and therefore its response to treatment 
is different (Boonen et al., 2008).

Treatment of  senile osteoporosis should be focused on the control of  senile 
secondary hyperparathyroidism by administration of  vitamin D and calcium. Patients 
receive vitamin D3 either in drops (14–20 gtto once a week), or injections of  
cholecalciferol (vitamin D2) 300,000 IU i.m. once a month that have proved to be 
effective as they are more regular. However, vitamin D3 is four-time more powerful. 
The given protocol of  administration of  vitamin D prevents overdosing because it has 
been demonstrated that the level of  active vitamin D 25(OH)D3 is extremely low 
in the elderly (Rizzoli et al., 2013). The optimum dose of  vitamin D3 in the elderly 
is 800 IU per day. It is recommended to administer vitamin D to seniors as the 
prevention (Hin et al., 2017). In addition, it is necessary to ensure the daily intake of  
calcium, i.e. at least 500–1,000 mg of  elemental calcium per day. Some polymorbid 
patients may have problems with calcium intake (intolerance, constipation, lack of  
appetite). This condition may be addressed by food high in calcium, milk cheese and 
white yoghurts. It is also possible to combine calcium supplements with foods rich 
in calcium. Calcium carbonicum requires an acidic environment, and therefore is 
administered during meals (Caution is necessary in case of  administration of  blockers 
of  H2-receptor or proton pump!) (Pfeifer et al., 2009).

Certain cases of  severe osteoporosis with pain syndrome were successfully  
treated with intravenous injections at the dose of  5 vials of  10% calcium gluconicum 
with one vial of  quajacurane or tramal (personal experience). The cycle includes up 
to 10 such infusions. Combined administration of  1,200 mg of  calcium per day  
with a physiological dose of  vitamin D3 significantly decreases the incidence of   
non-vertebral fractures, including proximal femur fractures, in individuals older than 
75 years (Bischoff-Ferrari et al., 2009).
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It is also possible to use hydroxyapatitum osseum which contains both inorganic 
(hydroxyapatite) and organic (ossein) components. A similar preparation is made 
from eggshells.

The above mentioned preparations together with specialized rehabilitation, 
exercises, massage and iontophoresis are essential tools in treatment of  senile 
osteoporosis.

Of  no less importance is a proper diet with adequate amount of  proteins. People 
with positive protein balance heal much better following surgery, such as total hip 
replacement. A high intake of  salt increases calciuria values, similarly as excessive 
intake of  proteins. A diet rich in salt and animal proteins may increase the patient’s 
calcium requirement (Mangano et al., 2017).

It is important for the patients to follow the rehabilitation plan, including exercises 
to strengthen lower limb muscles and to improve gait and postural stability. Elderly 
patients should be adequately informed about all environmental safety hazards in 
their homes, particularly in the bathroom, leading to potential falls (Scherrington 
et al., 2008).

A favourable effect of  rehabilitation and bone loading exercises is explained by 
irritation of  bone cells responsible for bone formation, namely by electrical current 
induced by activation of  bone crystals. Another favourable effect of  exercises 
is remodelling of  bone trabeculae in the direction of  the highest loading. Elderly 
patients experience especially in the region of  an osteoporotic bone affected by 
microfractures, muscle spasms that cause pain syndrome.

It has to be taken into account that individuals aged 80 and more are highly 
susceptible to fractures resulting from falls, even if  they receive adequate treatment. 
The risk of  fracture of  the arm, forearm, femoral neck or vertebral body increases 
between the age of  45 and 85 years 8-times in women and 5-times in men. About 
30% of  persons older than 65 years and 50% of  persons older than 80 years fall 
at least once a year. A total of  90% of  all proximal femur fractures are caused by 
fall. It is necessary to control factors leading to falls, i.e. gait and stability disorders 
(arthropathy, peripheral neuropathy, impairment of  the ocular or vestibular  
system), postural hypotension (treatment of  hypertension by diuretics), arrhythmia 
and the use of  hypnotics, sedatives, anxiolytics and antidepressants (Kannus et al., 
2004).

Hormone therapy should not be used in senile osteoporosis, as recommended 
by the recent Women Health Initiative (WHI) study. In elderly women there occurs 
pain in atrophic mammary gland, proliferation of  atrophic endometrium with 
bleeding; the risk of  ischemic heart disease, phlebothrombosis, hypertension and 
stroke are increasing.

Reasonable doses of  anabolics have proved to be beneficial in senile osteoporosis. 
They considerably strengthen the muscle corset of  the axial skeleton and their 
androgenic component has a favourable effect on osteoblasts. A certain role 
is played also by their euphorizing effect. Currently the market offers second-
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generation bisphosphonates – alendronate sodium, and third-generation 
bisphosphonates – ibandronate and zoledronate. These medications have a powerful 
antiresorptive effect targeted directly at osteoclasts, resulting in marked decrease 
of  bone resorption, however our old patients suffering from senile osteoporosis 
do not have increased markers of  osteoresorption. Data from Axelsson et al. 
(2017) show that in old patients with prior fracture alendronate reduce the risk 
of  hip fracture. The study has limitation there is lack of  data regarding bone 
densitometry and fracture trauma type. Data from Vandenbroucke et al. (2017) 
are overview of  all possibilities how to treat osteoporosis. Paper support our idea 
that nonpharmacological interventions such as fall prevention play an essential role 
in the management of  osteoporosis. These medications require a good knowledge 
of  the patients in terms of  their ability to comply with the prescribed use of  
medications and of  their other comorbidities that should not be so severe to 
decrease the therapeutic efficacy of  bisphosphonates. The approach must be strictly 
individualized, based on the knowledge of  the patient’s medical history, social status, 
possible polymorbidities, hearing and sight abilities and finally the ability to adhere to 
therapy (Black et al., 2012).

Pain caused by both osteoporosis and degenerative changes of  the spine or weight 
bearing joints should be managed by a reasonable analgesic therapy that should 
relieve pain without affecting the patients’ mobility and sense of  orientation.

From our observation of  492 women with senile osteoporosis, which is not caused 
by known risk factors for osteoporosis, does not appear to be a separate disease, 
but is part of  the physiological process of  aging. Treatment of  senile osteoporosis 
should be focused on the control of  senile secondary hyperparathyroidism by 
administration of  vitamin D and calcium.
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Abstract: Malignant transformation of  an epidermoid tumour is a rare entity that 
in almost all patients occurs at the same site of  the primary lesion. We report a 
case of  an epidermoid tumour with malignant transformation to squamous cell 
carcinoma (SCC) at the adjacent site but without any relation to the primary site 
of  the tumour. A 30-year-old patient with a history of  cranial surgery and resection 
of  cerebellopontine (CP) angle epidermoid cyst five years ago, presented with 
a headache, nausea, and vomiting. Physical examination showed no neurological 
deficit. The brain magnetic resonance imaging (MRI) demonstrated a well-defined 
lesion within left middle cerebellar peduncle with no relation to CP angle cistern 
(the previous tumour site). It was isointense on T1, isointense on T2 and had a 
rim enhancement on gadolinium (GD) injection. Via retrosigmoid and transcortical 
approach, total resection of  the tumour was performed. During the surgery, there 
was no visible relationship between the current lesion and the previously resected 
lesion site. Histopathology revealed squamous cell carcinoma. The systemic survey 
to finding a probable origin of  the tumour was negative and the patient referred for 
performing brain radiotherapy. We are reporting a case of  malignant transformation 
of  epidermoid cyst separate from primary location. Moreover, malignant 
transformation can occur years after index surgery even after gross total resection.
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Introduction
The intracranial epidermoid tumour is a rare and benign tumour. Malignant 
transformation of  an epidermoid tumour is a rare entity that in almost all patients 
occurs at the same site of  the primary lesion (Lakhdar et al., 2011). Now we report 
a case of  an epidermoid tumour with malignant transformation to squamous cell 
carcinoma (SCC) at the adjacent to the surgical site but without direct relation to the 
primary site of  the tumour.

Case report
A 30-year-old patient presented with left hemifacial spasm. The physical examination 
demonstrated decreased left side hearing loss, decreased sensation in V1 and 
V2 territory and deviation of  the tongue to right and uvula to the left. The brain 
magnetic resonance imaging (MRI) revealed an extraaxial cystic mass in the left 
cerebellopontine (CP) angle compressing cerebellum, cerebellar peduncle and 
brain stem (Figure 1). With a diagnosis of  an epidermoid tumour, retrosigmoid 
craniectomy and near-total resection of  tumour was performed. Only a very small 
part of  tumour adhesive to the facial nerve remained in place to prevent nerve 
damage. Histopathology confirmed the diagnosis of  the epidermoid tumour. The 
patient had only short time follow-up postoperatively. About five years later, he 
returned because of  a headache, nausea, and vomiting. Physical examination showed 
no neurological deficit. The brain MRI demonstrated a well-defined lesion within left 
middle cerebellar peduncle with no relation to CP angle cistern that was isointense 

Figure 1 – The brain magnetic 
resonance imaging (T1, T2 and T1 with 
gadolinium injection) demonstrated 
an extraaxial cystic mass in 
cerebellopontine angle.
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Figure 4 – The brain magnetic 
resonance imaging with gadolinium 
injection demonstrated the ring 
enhancement of  the middle 
cerebellar peduncle lesion.

Figure 3 – The T2 images 
sequences of  brain magnetic 
resonance imaging revealed  
the lesion within middle cerebellar 
peduncle.

Figure 2 – The T1 images 
sequences of  brain magnetic 
resonance imaging revealed  
the lesion.
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on T1, isointense on T2 and had a rim enhancement on gadolinium (GD) injection 
(Figures 2–4). The patient underwent total resection of  the tumour via retrosigmoid 
and transcortical cerebellar hemispheric approach. During the surgery, there was no 
visible relationship between the current lesion and the previously resected lesion site. 
Histopathology revealed squamous cell carcinoma with the origin of  the epidermoid 
tumour. The systemic survey to find a probable origin of  the tumour was negative 
and the patient referred for performing brain radiotherapy. On last follow-up about 
2 years later, the patient demonstrated no significant neurological sign and symptom, 
and no tumour recurrence.

Discussion
The intracranial epidermoid tumour is a rare and benign tumour that has a slow 
growth and includes 0.2–1.8% all intracranial tumours (Tamura et al., 2006; Lakhdar 
et al., 2011). The remnant of  the squamous epithelial include in the neural tube at 
the time of  last separation phase between three to five weeks of  fetus life (Hao 
et al., 2010). A malignant transformation from an epidermoid tumour is a rare 
entity and was reported for the first time by Ernst in 1912 (Lakhdar et al., 2011). 
There is controversy about the exact mechanism of  malignant transformation of  
an epidermoid tumour, but inflammation due to reaction to a foreign body, in situ 
carcinoma, chronic inflammation due to frequent cyst rupture and subtotal resection 
cyst wall may be the reasons (Lakhdar et al., 2011). Malignant transformation usually 
occurs within the primary location of  the lesion (Tamura et al., 2006; Lakhdar 
et al., 2011). Lakhdar et al. (2011) reported the mean age 53 years and female 
predominance in the cases with malignant transformation of  an epidermoid tumour. 
The mean time to malignant transformation was 14 years (2 to 33 years) (Lakhdar 
et al., 2011). Tamura and colleagues (2006) reported aged from 36 to 67 years for 
these patients associated with a mean time of  8.4 years (3 months to 33 years) to 
malignant transformation.

Rapid development of  signs and symptoms is the main clinical feature of  malignant 
transformation, and focal enhancement within the lesion and leptomeningeal 
metastasis are the main radiologic features indicating the malignant transformation 
of  an epidermoid tumour (Kodama et al., 2007; Lakhdar et al., 2011). Epidermoid 
tumour is a well-defined lesion that its irregular and nodular surface gives the shiny 
mother of  pearl appearance to this tumour (Chon et al., 2012). This tumour is 
hypo signal on T1 and hyper signal on T2, and usually without enhancement on 
GD injection (Tamura et al., 2006). Although in rare cases, it can have minimal rim 
enhancement (Lakhdar et al., 2011) but appearing of  a significant rim or nodular 
enhancement in epidermoid tumours should alert the physician for a malignant 
transformation (Kodama et al., 2007).

Malignant transformation can be classified to five groups: 1) primary malignant 
transformation from an epidermoid cyst, 2) malignant transformation from 
remnant part of  epidermoid tumour, 3) malignant transformation associated with 
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leptomeningeal carcinomatosis, 4) SCC originated from other benign cysts, and 5) 
other malignancies from benign cysts (Kim and Kim, 2008).

Malignant transformation in almost all patients occurs at the same site of  the 
primary lesion within surgical field (Fox and South, 1965; Nishiura et al., 1989; 
Knorr et al., 1991; Murase et al., 1999; Hamlat et al., 2003; Tamura et al., 2006; 
Kodama et al., 2007; Ge et al., 2009; Hao et al., 2010; Kano et al., 2010; Nakao et 
al., 2010; Lakhdar et al., 2011; Feng et al., 2014). Tow study reported the malignant 
transformation in a site adjacent to the primary lesion rather than exactly within the 
surgical field (Nosaka et al., 1979; Ozutemiz et al., 2017). But only in our study, it 
occurred within the site away from the primary site and only one case similar to our 
case has been reported, yet (Chon et al., 2012).

Table 1 summarized the features of  some previous studies in this setting.

Conclusion
Although malignant transformation of  an epidermoid tumour is a rare complication, 
but it can occur. In patients with subtotal resection, rapid and progressive signs 
and symptoms should be taken seriously. Considering the radiologic finding of  
malignant transformation, follow-up imaging should be performed either in operated 
patients or in patients with conservative treatment. Appearing of  nodular or 
rim enhancement in the MRI should warrant for malignant transformation. Our 
hypothesis is that the malignant transformation can occur away from the primary 
site of  the lesion. But for confirming this hypothesis, it needs more survey of  the 
natural history of  the epidermoid tumour. In the setting of  occurrence of  malignant 
transformation within the different site from the primary site, complete work up to 
discover other main probable sites of  the tumour including lung and gastrointestinal 
is mandatory.
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Abstract: Myristic acid was identified as a metabolite with the highest diagnostic 
sensitivity and specificity in the metabolome of  patients with bacteraemia. 
Subsequently, its significant decrease was observed in patients in septic shock not 
responding to treatment. In our study we have captured myristic acid serum level 
kinetics in 96 hours following accidental intravenous self-administration of  eubiotic 
Hylak forte causing infection-like systemic inflammatory response syndrome 
(SIRS). To our knowledge, this is the first time the kinetics of  myristic acid levels is 
presented in a septic patient. Myristic acid was evaluated in comparison with other 
inflammatory biomarkers and with its level in a control group of  healthy subjects. 
Myristic acid levels during septic response were significantly elevated in comparison 
with the control group. The peak level was recorded almost immediately after 
the insult with a gradual decrease within 96 hours. Myristic acid appears to be a 
promising biomarker in sepsis diagnostics, further research by our group into this 
topic is ongoing.
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Introduction
Although clinical features are still the cornerstone in diagnosis of  sepsis, there are 
various biomarkers which can help physicians to confirm or question the diagnosis 
(Prucha et al., 2015). It has been 20 years since Brunkhorst et al. (1998) described 
the kinetics of  procalcitonin (PCT) levels in iatrogenic sepsis. Study of  Kauppi et 
al. (2016) identified myristic acid as a metabolite with the highest sensitivity of  
1.00 (95% CI 0.85–1.00) (CI – confidence interval) and specificity of  0.95 (95% 
CI 0.74–0.99) in the metabolome of  septic patients with bacteraemia. Cambiaghi 
et al. (2017) observed its significant decrease in nonresponders to the treatment 
of  septic shock. We present a rare case of  sepsis-like inflammatory response 
to accidental intravenous administration of  the Hylak forte eubiotic preparation 
(germfree concentrate of  metabolites of  Escherichia coli, Enterococcus faecalis, 
Lactobacillus acidophils and Lactobacillus helvetici) with evaluation of  the kinetics of  
several biomarkers including myristic acid. To our knowledge, this is the first time the 
kinetics of  myristic acid serum levels following septic insult are being described.

Case report
A 30-year-old woman with no significant medical history was admitted to the 
Department of  Gynaecology with suspected infection from uterine myoma necrosis. 
She was treated by intravenous antibiotics. On admission her laboratory tests were 
unremarkable except for C-reactive protein (CRP) of  300 mg/l. She had stable vital 
signs with no symptoms of  SIRS (systemic inflammatory response syndrome). On 
the second day the patient accidentally self-administered 2 ml of  the Hylak forte 
eubiotic preparation (Merckle GmbH) in her peripheral intravenous cannula. The 
patient developed infection-like systemic inflammatory response syndrome shortly 
afterwards, she became febrile (39.6 °C) with tachycardia (125 beats/min) and 
tachypnoea (22 breaths/min), her blood pressure remained normal. The treatment 
consisted of  fluid resuscitation and corticosteroids, intravenous antibiotic was 
continued. Remission of  the clinical symptoms occurred within 12 hours after the 
event. The patient had no signs of  organ dysfunction and was discharged on day 5. 
During a period of  96 hours following the accidental injection of  Hylak, serum levels 
of  CRP, PCT, interleukin 6 (IL-6), presepsin, copeptin and free myristic acid were 
evaluated. The myristic acid levels were determined by the gas chromatography/
mass spectrometry method. Gas chromatograph with flame ionisation detector 
was used to eliminate quantification errors of  mass spectrometry scanning. Very 
shortly after the insult, we recorded the peak level of  myristic acid reaching 10-fold 
higher value (230.9 μmol/l) than the reference range, with a gradual decrease in the 
96 hours to 26.6 μmol/l. The reference values were determined as the median of  
myristic acid levels measured in healthy subjects (18.9 μmol/l; min 7.8; max 27.7; 
n=66). Myristic acid was not detected in the eubiotic itself. All the biomarkers under 
evaluation showed dynamics typical of  septic inflammatory response. CRP levels, 
significantly elevated at the time of  admission due to the underlying disease and 
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Figure 1 – Myristic acid serum levels compared to serum levels of  copeptin, C-reactive protein, interleukin-6, 
procalcitonin and presepsin during a period 96 hours following accidental injection of  Hylak forte (HI – Hylak 
forte injection 23 minutes before time T0. Reference range in myristic acid control group is presented as median 
(minimum; maximum).

monitored following the Hylak injection, exhibited a second mild peak 24 hours after 
the insult (Figure 1).

Discussion
Of interest is the ability of  germless concentrate administered intravenously to 
trigger SIRS with a significant elevation of  selected septic biomarkers. While the 
preparation may be sterile, it undoubtedly contains pathogen-associated molecular 
patterns (PAMPs) that can evoke a systemic response, and it is well known that 
infusion of  these (for example lipopolysaccharide) can evoke a similar response to 
sepsis. Arguably, the clinical course was not as severe as one would expect after 
an intravenous application of  live bacteria. The kinetics measurements of  selected 
biomarkers of  sepsis and myristic acid after accidentally induced iatrogenic sepsis 
were inspired by the study of  Kauppi et al. (2016), who identified six metabolites 
in blood samples associated with the diagnosis of  sepsis with bacteraemia. Myristic 
acid stands out of  those six as the metabolite with the highest sensitivity and 
specificity in this metabolomic study. The biomarker alone outperformed even 
the traditional combination of  laboratory findings and SIRS criteria recommended 
for sepsis diagnosis. The interesting question remains as to the origin and the role 
of  this monosaturated organic acid of  linear structure with the already described 
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atherogenic and thrombogenic potential (Zong et al., 2016). Myristic acid chains are 
incorporated in lipid A in different quantities in various species of  Gram-negative 
bacteria (Steimle et al., 2016). However, in the same laboratory using the identical 
method, myristic acid was not detected in the eubiotic Hylak forte. Myristic acid 
is also a component of  cellular membranes, it can be covalently linked to proteins 
and serve to anchor signal proteins by insertion of  the acyl chain into the lipid 
bilayer ( Jennings and Linder, 2009; Stillwell, 2016). Protein N-myristoylation has 
been shown to be an important evolutionarily conserved modification of  proteins 
implicated in different physiological processes like cell proliferation, differentiation, 
survival, and cell death (Udenwobele et al., 2017). It is possible, that alterations in 
lipid metabolism linked to changes in cellular energy production during inflammatory 
response activation may be responsible for elevated levels of  myristic acid in early 
stages of  a septic episode (Kauppi et al., 2016; Cambiaghi et al., 2017).

Conclusion
Myristic acid shows a potential to be a promising marker for early identification of  
septic patients. The clinical relevance of  these findings is currently systematically 
evaluated, focusing on what new information a marker can provide in describing 
patients with systemic infections (ClinicalTrials.gov NCT03314831).
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