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Abstract

Acne vulgaris (acne) is chronic inflammatory dermatosis which affects the pilosebaceous unit, with a varied clinical picture including 
inflammatory and non-inflammatory cutaneous lessions. This multifactorial disease mostly occurs in adolescents; however, it can also af-
fect children and adults. Different therapy options for acne treatment exist, comprising topical, systemic and hormonal agents or a combi-
nation thereof. The choice of the therapy depends on various factors, for instance the severity and extent of the disease and site of involve-
ment. Commonly used topical acne therapies include benzoyl peroxide, salicylic acid, antibiotics, retinoids, azelaic acid, sulfone agents and 
their combinations. Systemic antibiotics are indicated for use in moderate to severe inflammatory acne and should be used in combination 
with a topical retinoid and benzoyl peroxide.  

The available conventional formulations often cause side effects such as skin irritation, dryness, peeling, itching, leading to reduced 
patient compliance and compromised therapeutical efficacy. Novel drug delivery systems are promising option for improved acne treat-
ment outcome, as they can diminish the side effects caused by the therapeutic agents or can modulate their properties and at the same time 
offering possibilities for modified release and improved skin penetration of the active substances. 

The cosmetics manufacturers implement micro/nanotechnology in their formulations, while patent protection for cosmetics has gained 
more importance over the past decades.

This review focuses on micro/nanoparticulated carrier systems that can be used for acne treatment and the published patents concern-
ing them. 
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Introduction

Acne vulgaris (acne) is a chronic inflammatory disease 
of pilosebaceous unit affecting seborrhoeic areas (mainly 
face, chest, back), characterized by the presence of com-
edones, papular and pustular eruptions, purulent cysts and 
scars (Bergler-Czop, 2014). Although it most often affects 

adolescents, acne vulgaris is not uncommon in adults and 
can be also seen in children (De Medeiros-Ribeiro et al., 
2015; Goulden et al., 1997). 

The current concept is that the pathogenesis of acne 
encompasses the interaction of several different pathogen-
ic factors, namely follicular hyperkeratinization, hormon-
ally determined overproduction of sebum and changes in 
microbial flora in addition to immunological factors and 
inflammatory processes (Degitz et al., 2007; De Medeiros-
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Ribeiro et al., 2015). Increased sebum production and fol-
licular hyperkeratosis result in the development of micro-
comedones, while changes in follicular milieu cause the 
intensive growth of Propionibacterium acnes (P. acnes) 
(Knor, 2005). In the emergence of acne, other factors such 
as androgens, Peroxisome proliferator-activated receptor 
(PPAR) ligands, insulin like growth factor-1 (IGF-1) sig-
naling pathway, regulating neuropeptides and environmen-
tal factors are probably involved, which interrupt the natu-
ral cycling process in the sebaceous gland follicle and sup-
port the transition of microcomedones to comedones and 
inflammatory lesions (Zouboulis, 2014).

Despite acne not being a life-threatening disease, it has 
significant physical and psychological consequences such 
as permanent scarring, reduced self-esteem, social inhibi-
tion, depression, anxiety and suicidal tendency (Date et al., 
2006). Since it can negatively affect the patients` quality of 
life, early and aggressive therapy is crucial, with successful 
treatment promoting much more than just cosmetic bene-
fits (Ramos-e-Silva and Carneiro, 2009). Up to date, vari-
ous clinical guidelines for management of acne have been 
proposed. Different factors, such as age of the patient, site 
of involvement, extent and severity of disease and patient 
preference may influence the choice of the therapy. A step-
wise approach to acne management involves topical agents 
for mild to moderate acne (topical retinoid as mainstay 
and/or topical antibiotics) and escalation to oral agents for 
more resistant cases (oral antibiotics or hormonal agents 
in conjunction with a topical retinoid or oral isotretinoin 
alone for severe acne) (Das and Reynolds, 2014). 

In spite of various treatments for acne being avail-
able, many patients fail to respond adequately and often, 
the efficacy of the treatments is compromised (Vyas et al., 
2014). The active substances and the conventional formu-
lations for local acne treatment have numerous drawbacks, 
in terms of physico-chemical properties of the active ingre-
dient, stability and limited possibility for penetration into 
the skin appendages. Numerous side-effects, such as skin 
irritation, redness, dryness, severe desquamation and pho-
tosensitivity occur due to the incapacity for targeted drug 
delivery to the pilosebaceous units and achievement of op-
timal concentration at the site of action. These side-effects 
diminish the patients` compliance (Taglietti et al., 2008; 
Vyas et al., 2014). Hence, the patients are in search of top-
ical products for skin use that are not only safe and effi-
cient, but are also cosmetically acceptable and easy to use 
(Taglietti et al., 2008). 

Novel delivery strategies for existing drugs and their 
modifications represent the recent changes in acne treat-
ment, in addition to the development of new medications 
that target regulatory pathways involved in acne patho-
physiology (Moradi Tuchayi et al., 2015). These novel 
drug delivery systems might minimize the problems asso-
ciated with the conventional products in terms of penetra-
tion, retention, sustained release and therapeutic efficacy. 

The micro/nanoparticulated systems have been widely 

researched both as carriers of active substances and as de-
livery systems for the cosmetic active ingredients. Encap-
sulating the active ingredient within these systems is antic-
ipated to result in its protection, release of smaller doses in 
a continuous period, as well as targeting the pilosebaceous 
unit that would help achieve an efficient, relatively high lo-
cal concentration at the site of action (Date et al., 2006). 
Beside controlled release of the encapsulated drug at the 
site of action, among the other main advantages of these 
carrier systems are: an improved stability of the active sub-
stance (e.g. active substances sensitive to oxidation, hy-
drolysis, thermal degradation), possibility for incorpora-
tion of incompatible substances, possibility for modifica-
tion of the physicochemical and the organoleptic proper-
ties of the active substance, improved penetration (due to 
the defined size, structure, surface properties), improved 
skin tolerance, reduction of side-effects and satisfying aes-
thetic look of the product (Brenner, 2013; Rosen, 2005). 
Hence, these novel drug delivery systems are an innovative 
approach in the dermatological acne treatment and are ex-
pected to achieve a greater therapeutic efficacy with a pos-
sibility for a so-called size-dependent localization (espe-
cially in the hair follicle) and a possibility for diminution of 
the side-effects of the active ingredient, which makes them 
superior in comparison with the conventional preparations.

Patent protection has become more important to cos-
metics companies over the last 30 years (Union for Ethi-
cal BioTrade, 2010). A patent is an exclusive right to use, 
sell, or import an invention over a limited period of time 
(20 years from filing) within the country where the appli-
cation is made. Patents are granted for inventions which 
are novel, inventive (non-obvious) and have an industri-
al application (useful). There are other types of exclusive 
rights from intellectual property rights, but patents provide 
a broader protection that extends beyond the specific ex-
pression of an invention to the invention itself. Due to this 
control over the technology, the patent holder is in a posi-
tion to set a higher-than-competitive price for the corre-
sponding good or service, which allows recovery of inno-
vation costs (OECD, 2004). According to the World Trade 
Organization (WTO)’s Agreement on Trade Related As-
pects of Intellectual Property Rights (TRIPS), patents must 
be available in WTO member states for any invention, in 
all fields of technology with available protection of mini-
mum of twenty years. TRIPS introduced intellectual prop-
erty rules into the multilateral trading system for the first 
time, in an attempt to guarantee the same minimum stan-
dards of protection across countries (OECD, 2004).

Intellectual property is rapidly becoming a central ele-
ment in discussions of business strategy, including cosmet-
ic industry. This trend may not be surprising; the rising im-
portance of intangible capital in industrialized economies 
is apparent in many statistics. The number of patent appli-
cations is growing at double-digit rates in the major patent 
offices. Licensing and cross-licensing are being employed 
with greater frequency than ever, particularly so in high-
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technology industries (Harhoff and Hall, 2002).
Nowadays, almost all the larger producers of the cos-

metic preparations use micro/nanotechnology in their for-
mulas and most of them have been patented. In 2009, the 
cosmetics industry accounted for 10% of all the patents 
granted in the EU (Colipa, Тhe European Cosmetics Asso-
ciation, 2010). An enormous increase of the number of cos-
metic patents has been seen in that last two decades, with 
the majority of the published patents coming from USA, 
Japan, Germany and France, while the greatest growth of 
published patents being seen in China, Japan and Germany. 
The review of the Scopus database with a keyword acne 
treatment resulted in 34.489 documented scientific articles 
and 3855 patents, published from 1855-2015; 180 docu-
mented scientific articles and 5 patents were the results of 
the search of this database with the keywords drug ingre-
dients + acne, published from 1975-2015. The search in 
the Scopus database with the keywords – microparticles + 
acne treatment resulted in 6 documented scientific articles 
and 1 patent, published from 2005-2015. The search with-
in this database with a keyword – nanoparticles resulted 
in 288.042 scientific articles and 24.726 patents, published 
from 1978-2015.

In order to get a more realistic image about research in 
the field of dermatology and nanotechnology, when search-
ing the keywords – nanoparticles + skin, we discovered a 
list of 2981 scientific articles and 241 patents, published in 
a period of 1991-2015. It is important to note that, when it 
comes to nanoparticles for acne treatment, the results are 
concentrated in 55 scientific articles and 9 patents, pub-
lished between 2005-2015.

On the basis of the comprehensive results from re-
searching the Scopus database, one can conclude that re-
search in the field of nanotechnology is immense and dates 
back in the 1990s; only 1% of it is connected to nanotech-
nology application on the skin, whereas 0.03% is research 
regarding published work for nanoparticles in acne treat-
ment. 

This review focuses on the so-far investigated contem-
porary carrier systems that are being used for acne treat-
ment in terms of formulation and assessment of their effi-
cacy and safety as well as the published patents concern-
ing these systems. 

Liposomes

Liposomes are the first generation of carrier systems 
of active ingredients that have been widely applied in der-
matology and cosmetology (Rosen, 2005). These vesicular 
systems ranging 15 nm to 3.5 µm in size may incorporate 
both hydrophilic and lipophilic active substances (Date et 
al., 2006).

Selection of the phospholipid for preparation of lipo-
somes affects their penetrability, dissolution rate and their 
effect. Due to the high concentration of linoleic acid, the 
soy bean phospholipids show significant effects in improv-

ing the barrier function of the skin and a remarkable hydra-
tion (Egbaria and Weiner, 1990). The liposomes composed 
of phospholipids with unsaturated fatty acids show higher 
skin permeation property than the liposomes with saturated 
(hydrogenated) fatty acids (Zakir et al., 2010). Due to the 
better penetrative properties, formulations of phospholip-
ids with unsaturated fatty acids, such as unsaturated phos-
phatidylcholine are adequate carriers for vitamins, provi-
tamins and other substances that improve the regenerative 
processes in the skin or are efficient as anti-age and anti-ac-
ne products (Paye et al., 2005).

The size of these systems also plays an important role 
for their penetration into the different skin layers. The 
penetration of liposomes through stratum corneum is de-
creased as the diameter increases. Therefore, the desired 
structures of these systems are the so-called LUV (large 
unilamellar vesicles) composed of one phospholipid bilay-
er, having a diameter of 50-500 nm (Leeuw et al., 2009). 
Research has shown that liposomes with particle size up to 
600 nm may penetrate the skin and can be designed in or-
der to deliver the active substance into the skin layers. Un-
like them, those having a diameter larger than 1.0 μm, the 
so-called non-penetrating liposomes, are designed to main-
tain themselves on the surface of the skin and provide mod-
ified release of the active substances (Schramlová et al., 
1997). 

Regarding the efficacy in acne treatment, it would be 
ideal if the active substance is delivered in the hair folli-
cle and the sebaceous unit. Toll et al. (2004) have exam-
ined the penetrability of the fluorescently marked particles 
of various sizes (from 750 to 6000 nm) in the hair follicle 
and have determined that the optimal size would be the one 
from 300-600 nm, which corresponds to the size of the hair 
cuticle (Toll et al., 2004). 

The liposomes offer a range of advantages when used 
as carriers for topical delivery of anti-acne drugs. By en-
capsulation of the active substances, they help in improv-
ing their solid-state stability; diminish the occurrence of 
adverse effects such as skin irritation linked with the use of 
topical agents for acne treatment, by means of incorporat-
ing them in the lipid bilayer or the aqueous core; the phos-
pholipids in their composition may serve as penetration en-
chancers and facilitate the dermal drug delivery leading to 
higher drug localization in the skin with concomitant re-
duction of systemic absorption. The frequency of admin-
istration of the active substances used in the treatment of 
acne can be reduced since the liposomes may serve as lo-
cal depot, enabling sustained release of dermatological ac-
tive substances (Date et al., 2006).

The stability issue of the liposomal formulations is one 
of the major disadvantages of these systems. The instabil-
ity of the liposomal bilayers leads to leakage of the en-
trapped material, whereas the oxidation of cholesterol and 
phospholipids also leads to formulation instability (Vyas 
et al., 2014).
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Liposomal formulations of retinoids

All trans-retinoic acid (tretinoin) is used topically in 
concentrations of 0.025-0.1% in the form of cream, gel, so-
lution or lotion for the treatment of acne. The occurrence of 
side-effects such as local irritation, erythema, dryness and 
skin peeling is noticed when these conventional prepara-
tions containing retinoids are used. Studies have shown that 
the encapsulation of tretinoin in liposomes can decrease skin 
irritation and at the same time the desired efficacy could be 
achieved with smaller doses of the active substance (Lam-
precht, 2009). The efficacy of tretinoin encapsulated in li-
posomes has been clinically tested and confirmed. In a dou-
ble-blind study, the efficacy and appearance of side-effects 
was comparatively followed in 20 patients with a moder-
ate form of acne that were treated with a liposome gel con-
taining 0.01% of tretinoin and commercial gel with concen-
tration of 0.025% or 0.5% of tretinoin for a period of 10 
weeks. The results showed that the encapsulation of treti-
noin into the liposome vesicles helped the same efficacy as 
0.5% commercial gel to be achieved, but significantly bet-
ter tolerance was remarked (Schäfer-Korting et al., 1994).

When incorporated in liposomes, tretinoin shows com-
edolytic activity five to ten times higher compared to the 
conventional preparations, and also has a better local tol-
erability (Brisaert et al., 2001). In a study of Malaekeh-
Nikouei et al. (2011), tretinoin, clindamycin and their com-
bination were incorporated in liposomes. Characterization 
and skin penetration studies of these formulations were 
carried out and the skin permeation of conventional cream 
containing tretinoin, clindamycin gel, liposomes with tret-
inoin and liposomes containing the combination of treti-
noin and clindamycin was compared. It was shown that 
there is a significantly greater retention of tretinoin on the 
skin surface, when incorporated in liposomes. On the oth-
er hand,  the retention of clindamycin incorporated in lipo-
somes was higher than the clindamycin gel and the pene-
tration of this active substance was lower for the liposomal 
formulation (Malaekeh-Nikouei et al., 2011).

Benzoyl peroxide is an efficient active agent in acne 
treatment, most of all, due to the keratolytic and antibac-
terial effect, the latter being confirmed in a study by Fluhr 
et al. (1999), in which a significant antibacterial effect in 
the infundibula for P. acnes and Micrococcaceae could be 
demonstrated for a benzoyl peroxide liposomal formula-
tion (Fluhr et al., 1999).  The local application of benzoyl 
peroxide, however, has been followed by severe irritation, 
redness and dry skin, which limit its acceptance among the 
patients. One possibility for overcoming the side-effects of 
using benzoyl peroxide in acne treatment is to incorporate 
this active substance in liposomes. Namely, in a study by 
Patel V.B. et al. (2001), it was shown that a gel formulation 
containing liposomal benzoyl peroxide has improved clin-
ical efficacy in the treatment of acne and reduces the lo-
cal irritation to a greater extent compared to a plain benzo-
yl peroxide gel, thus, improving the patients` compliance 
(Patel, V.B. et al., 2001).

The problem of strong local irritation experienced by 
patients using salicylic acid can be overcome through its 
encapsulation into liposomes (Bhalerao and Raje, 2003), 
microemulsions and solid lipid nanoparticles. The encap-
sulation of the salicylic acid into prolonged release sys-
tems may be a successful approach for minimization of the 
side-effects and the application frequency, which would be 
substantially beneficial to the patients (Woo et al., 2014). 

US patent US8758809 B2 refers to a novel advance 
for treating acne and acne-related symptoms and describes 
lecithin-type liposomes containing a high concentration of 
linoleic acid, in which complex of copper and sodium chlo-
rophyllin is encapsulated. The designed liposomes have a 
diameter ranging in 150-350 nm. According to the descrip-
tion in the patent, the prepared liposomal vesicles are ade-
quate for treatment of seborrheic and acne-prone skin and 
at the same time, they stimulate the natural regenerative 
skin processes. Copper is necessary for the formation of 
the enzyme superoxide dismutase, which reduces oxida-
tive damage associated with inflammatory conditions, such 
as acne, as well as tissue destruction caused by free radi-
cals generated by ultraviolet light. Formation of copper-
peptides, such as the tripeptide complex glycyl-L-histi-
dyl-L-lysine (GHK) - Cu, results in more complete wound 
healing and reduces scarring resulting from skin patholo-
gies such as acne. Another innovative aspect of this nov-
el approach for treating acne and acne-related symptoms is 
related with controlled release of the copper, based on an-
ticipated drop in pH as the liposome enters the skin.  Cu2+ 
ions are loaded into the liposomes in the form of an aque-
ous solution of sodium-copper-chlorophyllin. The copper 
can be replaced by two protons; hence, a more acidic pH 
favors dissociation of copper from chlorophyllin. The li-
posome dispersion is formulated at a slightly alkaline pH, 
typically 7.2-7.6. The copper-chlorophyllin stays intact as 
long as the liposome stays intact, but is expected to disso-
ciate once the liposome enters the more acidic environment 
of the skin’ s outer mantle. The liposomes are dispersed in 
a dermatologically-acceptable carrier which can contain a 
skin penetration enhancing agent. In the conducted stud-
ies with aqueous gel base containing the dispersion of lec-
ithin liposomes with 0.1% sodium-copper-chlorophyllin, 
its effectiveness in treating large pores on the nose and/or 
cheeks, acne, oiliness of skin, and blotchiness of subjects 
with mild to moderate acne was evaluated. It was shown 
that the formulation provides therapeutic benefits for acne 
and acne-related skin disorders (US patent 8758809 B2, 
2014).

The US patent application US20140079761 A1 pres-
ents liposomes prepared by phosphatidylcholine and nitric 
oxide as active ingredient. The prepared liposomes can be 
incorporated into various semi-solid and liquid forms in or-
der to achieve efficient acne treatment. Namely, according 
to the research, the incorporation of nitric oxide into the li-
posomes is supposed to enable a deeper penetration into 
the skin and a continuous release of the nitric oxide that 
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blocks the production of cytokines and interleukin-caused 
hyperkeratosis. At the same time, the nitric oxide has anti-
oxidant and anti-inflammatory effects which could prevent 
the cascade that leads to inflammatory skin lesions. Due to 
the antibacterial effect, the incorporation of this substance 
into the liposomes would at the same time prevent the ex-
cessive colonization of P. acnes (US patent 20140079761 
A1, 2014).

Studies have shown that povidone-iodine (PVP-io-
dine) in form of soap solution can be used for topical treat-
ment of mild forms of acne. However, it emerged unam-
biguously from these studies that the used PVP-iodine soap 
solution do not provide for a high efficacy of the acne treat-
ment as in almost all cases patients were treated also with 
antibiotics. An additional drawback of these soap solution 
is the color patch of the skin may show due to the usual 
brown color of the solution. The invention presented in US 
patent application US20120294933 A1 has the aim to pro-
vide a well-tolerated, easy applicable pharmaceutical prep-
aration for the topical treatment of acne, which allows last-
ing, efficient and scar-free treatment also of severe acne 
forms. Namely, this patent depicts PVP-iodine liposomes 
for efficient acne treatment due to the antiseptic effects of 
the active ingredient. The liposomes can be prepared by 
hydrogenated soy bean lecithin, i.e. Phospholipon® 90 H 
or Lipoid S100-3 with a size of ~ 1 μm. Satisfactory stabil-
ity of the vesicles in a period of two years in a wide temper-
ature range is desired, which would make them convenient 
for incorporation into various pharmaceutical and cosmet-
ic forms (US patent 20120294933 A1, 2014).

A novel composition comprising mucilaginous poly-
saccharides from Aloe barbadensis, such as aloeride and 
acemannan, in liposome vesicles that can be used for acne 
treatment is depicted in patent application CA2700335 A1. 
The aforementioned Aloe barbadensis metabolites have an 
antiseptic, hydrating, keratolytic and photoprotective ac-
tivity. The Aloe barbadensis extract in the composition was 
in range between 0.5 and 35% and the liposomes were in 
range between 0.008 and 8%. This combination has a syn-
ergistic activity and reduces the skin inflammation and the 
pimples associated with acne. Likewise, a reduction in red-
ness of the skin and its structure due to overexposure to 
UV rays and the external environmental factors that harm 
the epithelial tissue was seen (CA Patent CA2700335 A1, 
2009).

In US patent US5614215 A two different dispersions of 
lipid vesicles are described, i.e. first dispersion of so-called 
depth vesicles-liposomes with a great penetrability into the 
deeper skin layers and second dispersion of surface vesi-
cles-liposomes with properties of retaining for a longer pe-
riod on the skin surface in order to provide a prolonged re-
lease of the incorporated substances. The main lipids con-
stituting the vesicles of the first category (active substance 
delivered in depth) include at least one linear and saturat-
ed fatty chain of length ranging from 16 to 30 carbon at-
oms, such as hydrogenated phospholipids (from plants or 

from egg), saturated synthetic phospholipids such as dipal-
mitoylphosphatidylcholine, or the alkyl ethers or alkyl es-
ters of polyols containing one, two or three fatty chains 
per molecule. The main lipids constituting the vesicles of 
the second category (active substance delivered at the sur-
face) are chosen in particular from the group including ion-
ic lipids such as plant- or egg-based natural phospholipids 
containing unsaturated fatty chains of 16 to 30 carbon at-
oms, non-ionic lipids such as the alkyl ethers or alkyl es-
ters of polyols containing one or several fatty chains per 
molecule, including at least one fatty chain of length short-
er than 16 carbon atoms, such an lauryl polyglyceryl-6-ce-
tearylglycol ether (US Patent US5614215 A,1997).

US patent US5034228 A describes liposomes that con-
tain retinoid or a structural analogue of retinoid, as a ca-
rotenoid or tretinoin. At the same time, the liposome ves-
icles can incorporate a complementary active or second-
ary agent incorporated either in the lipid layer of the lipo-
somes, in which case its amount should not exceed 40% by 
weight of the whole lipid phase, or can be incorporated in 
the water phase, depending on their solubility. Examples 
of such active substances are erythromycin, clindamycin, 
metronidazole or other antibiotic or antiseptic agents that 
enable a combined and efficient acne therapy. The results 
from the research confirmed the comedolytic activity of the 
designed vesicles with a concomitantly decreased erythe-
ma and hypercanthosis (US patent US5034228 A, 1991).

Niosomes

Niosomes are second-generation vesicular systems, 
whose design has helped overcome the disadvantages of 
conventional liposomes, such as the requirement for vig-
orous work conditions, limited encapsulation efficacy, in-
stability and expensive production. These structures con-
tain non-ionic surfactants instead of phospholipids, choles-
terol which improves the rigidity of the bilayer and water 
phase and are therefore called non-ionic vesicles (Shilakari 
et al., 2013; Singh, 2013). In their preparation, different 
non-ionic surfactants can be used such as polyoxyethyl-
ene alkyl ethers and esters, glucosyl dialkyl ethers, polyg-
lycerol alkyl ethers, crown ethers and sorbitan esters (Date 
et al., 2006).

Niosomes have a series of advantages such as bio-
degradability, non-toxicity and non-immunogenicity and 
they are able to encapsulate large amount of materials in 
a small volume of vesicles (Date et al., 2006; Rajera et al., 
2011). As a result of their composition and structure, nio-
somes improve the properties of stratum corneum by re-
ducing the transepidermal water loss and restore the hydro-
lipid film (Vyas et al., 2014).

Both niosomes and liposomes behave in a similar man-
ner when releasing the encapsulated drug and they have a 
similar in vivo behaviour (Kazi et al., 2010). Although nio-
somes demonstrate a better chemical stability, the physi-
cal instability during dispersion may be compared to the 
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one of the liposomes. Namely, niosomes, similarly to li-
posomal vesicles, may undergo the phenomena of aggre-
gation, fusion and leakage of the encapsulated drug (Ra-
himpour and Hamishehkar, 2012). One of the major con-
cerns is the possibility of hydrolysis of encapsulated drugs, 
which limits the shelf-life of the niosomal dispersion (Vyas 
et al., 2014).

Niosomes have been intensively researched in the field 
of dermatology in order to provide an effective treatment 
for seborrheic and acne-prone skin. The results have shown 
that these non-ionic vesicles are capable of penetrating the 
pilosebaceous units (Madhav and Saini, 2011). Budhiraja 
and Dhingra (2014) have investigated the potential of nio-
somes with incorporated rosmarinic acid in acne treatment. 
The designed niosomal gel has shown greater antimicrobi-
al efficacy to Staphylococcus aureus and Propionibacteri-
um acnes in comparison with the plain gel of rosmarinic 
acid or the commercial gel with benzoyl peroxide (Budhi-
raja and Dhingra, 2014). In a study of Gupta et al. (2014), 
in vitro permeation and retention studies of topical niosom-
al gel containing a combination of benzoyl peroxide and 
tretinoin were performed and compared to the permeation 
and retention of a cream and alcoholic solution containing 
the same active substances as the niosomal gel. Further-
more, comparative anti-acne activity of the niosomal gel 
and a cream containing the same combination was eval-
uated. The results have shown that the drug retention was 
higher in case of niosomal gel than the cream and alcohol-
ic solution. In vivo studies of the niosomal gel and anti-ac-
ne cream of tretinoin and benzoyl peroxide showed that the 
niosomal gel had greater efficacy than the anti-acne cream 
with niosomal gels of 4.16-fold lower dose of benzoyl per-
oxide providing the same therapeutic index at targeted sites 
in comparison to the anti-acne cream (Gupta et al., 2014). 
Erythromycin has been also successfully incorporated in a 
topical niosomal gel, which demonstrated prolonged drug 
release, increased erythromycin retention and improved 
skin permeation compared to a plain drug gel and market-
ed gel (Jigar et al., 2011). The studies of Manconi et al. 
(2006) showed that by incorporating tretinoin in niosomes, 
its photodegradation can be reduced. The conducted per-
meation and retention studies using both tretinoin saturat-
ed and non-saturated vesicular formulations showed that 
alkyl polyglucosides surfactants seem to be an interest-
ing class of amphiphiles for niosome formation because of 
their ability to improve either transdermal or cutaneous de-
livery of niosomal tretinoin, depending on their structure. 
Small, negatively charged niosomal formulations saturated 
with tretinoin give higher cutaneous retention than both li-
posomes and commercial topical formulation of tretinoin, 
indicating that tretinoin cutaneous delivery is strongly af-
fected by the vesicle composition and the thermodynamic 
activity of the drug (Manconi et al., 2006).

The cosmetic company L’Oreal was the first to patent 
niosomes as new vesicular systems for pharmaceutic and 
cosmetic application. In the patent number US4830857, a 

formulation based on niosomes or a combination of nio-
somes and liposomes with adequate size was described. 
The formulation contains water-soluble polyamide poly-
mer having a molecular weight between 1000 and 200.000, 
at a concentration of 0.01 to 5% by weight relative to the 
total weight of the composition.  These vesicular systems 
would represent adequate carriers of active ingredients for 
treatment of seborrheic and acne-prone skin (US patent 
4830857 A, 1989).

A formulation of niosomes, capable of penetrating 
deeper into the skin layers is presented in the US Patent 
US5830499 A. These unilamellar vesicles are comprised 
of non-ionic surfactant, active ingredient and a second hy-
drophilic surfactant. The non-ionic surfactants could be se-
lected from the group consisting of polyoxyethylene alkyl 
ethers and esters, sorbitan esters, glucose and sucrose al-
kyl esters. An ionic surfactant such as sodium laurate and 
sodium dicetyl phosphate may occasionally be added as a 
stabilizer. Research results have shown that the designed 
vesicles are potential carrier systems of active ingredients 
which could be successfully used in acne treatment (US 
Patent 5830499 A, 1998).

Microsponges

In the last ten years porous polymeric systems that en-
able predictability of the absorption degree of cosmetic/
dermatological active ingredients into the skin have been 
developed, among which of great significance is the devel-
opment of microsponges as new system-carriers of active 
substances (Maiti et al., 2011). 

Microsponges are highly cross-linked, porous, poly-
meric particles which can incorporate a large number of 
various active components (Patel, A. et al., 2012). Com-
monly, these systems are made of synthetic polymers and 
characterized with high degree of cross-linking, thus result-
ing with particles that are insoluble and stable (Pentewar et 
al., 2014). The selection of polymers, the method of prep-
aration and the process parameters greatly affect the size 
and porosity of the microsponges. 

In cosmetology, microsponges are interesting due to 
their  stability over a wide pH range and high tempera-
tures, excellent compatibility with a large number of active 
ingredients and surfaces, as well as high percentage of en-
capsulation of the active ingredients (Patel, A. et al., 2012). 
Also, in accordance with the system design, in terms of 
particle size and size of pores, it is possible to achieve a 
predictable, controlled release. This property of theirs is 
especially significant for diminishing the local side-effects 
upon topical administration of the active ingredients be-
ing used in acne treatment (Maiti et al., 2011; Patel, E.K. 
and Oswal, 2012). Other advantages that the microspong-
es offer in topical delivery are as follows: improved physi-
cal stability and better protection from environmental fac-
tors, sustained release of active agent thus prolonging the 
drug activity, ease of incorporation into a formulated prod-
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uct such as a gel, cream, liquid or powder, improved ele-
gance and aesthetic appeal and reduction of systemic ab-
sorption of the topical agents (Patel, A. et al., 2012).

Due to the possibility of sebum absorption, the mi-
crosponges are adequate for application in seborrheic 
and acne-prone skin. The sebostatic effect is ascribed to 
the spherical particles having potential to retain up to four 
times more sebum depending on their weight (Kaity et al., 
2010). They do not penetrate into the skin layers, but are 
retained on the surface and enable continuous release of 
the active ingredient (Maiti et al., 2011). The potential of 
the microsponges as carriers of active ingredients in acne 
treatment has been investigated through encapsulation of 
benzoyl peroxide, erythromycin, tretinoin and other active 
substances. Results have shown that these carriers pro-
vide continuous release of the drug with a concomitant de-
crease of the skin irritation, which are significant benefits 
for achievement of effective treatment (Parikh et al., 2009).

Different active substances used in acne treatment 
such as retinoids, antibiotics and/or keratolytic agents can 
be combined in topical anti-acne preparation, as was dem-
onstrated in US patent US20090318371 A1, where micro-
sponges with benzoyl peroxide as keratolytic agent were 
included in the formulation. This formulation is intended 
to be used for treating moderate to severe acne in the form 
of a gel or cream comprising retinoid (tazarotene or ada-
palene), antibiotic (clindamycin phosphate) and/or kerato-
lytic (2-5% of benzoyl peroxide in microsponges) which 
enables a combined therapy offering less local side-effects. 
Combining benzoyl peroxide with other active substances 
in a single pharmaceutical dosage form is oftentimes dif-
ficult since benzoyl peroxide is a highly oxidative agent. 
Thus, in the present invention, its encapsulation in micro-
sponges prevents its reaction with the retinoids and the an-
tibiotic (US Patent US 20090318371 A1, 2009). 

Microspheres

Microspheres are solid spherical particles, ranging 
1-1000 µm in size, prepared by microencapsulation tech-
nique, with inert, natural or synthetic polymers being de-
posited around solid and liquid micronized particles and 
the drug being homogeneously dispersed throughout the 
core (Del Rosso, 2009; Vyas et al., 2014). Specific inert 
monomers used in the polymerization process for micro-
sphere production are selected depending on their compat-
ibility with the individual active substances. In the case of 
tretinoin, which degrades in the process of polymerization, 
microspheres are firstly produced and the active substance 
is subsequently loaded in the preformed particles (Del Ros-
so, 2009). In other instances, the active substance can be 
incorporated into the microsphere during the process of po-
lymerization without the risk of degradation of the drug 
(Del Rosso, 2009).

When considered as drug carrier systems that are used 
in dermatology and cosmetology, the microspheres have 

numerous potential advantages. Namely, they act as a res-
ervoir systems for the active substances, providing sus-
tained drug delivery; so epidermal overload of the active 
substance is avoided and reduction of cutaneous irritation 
caused by active substances having concentration-depen-
dent irritation potential could be achieved. Microspheres 
also show lower potential for transdermal penetration and 
systemic exposure (Del Rosso, 2009). The delivery of mi-
crospheres to the pilosebaceous unit was shown to depend 
on their mean diameter. Microspheres of 5 µm are primar-
ily localized within the pilosebaceous unit, while micro-
spheres larger than 10 µm remain on the skin surface and 
those smaller than 3 µm penetrate both the pilosebaceous 
unit and the epidermis (Webster and Rawlings, 2007). 
Other advantages of microspheres include: improved skin 
tolerability due to reduced cutaneous penetration rate of 
the active substance; most of the commercially available 
microsphere formulations are easily applied and due to the 
adequate particle size range of 5 to 50 µm, they are not 
palpable on application; just like the microsponges, mi-
crospheres are also characterized with a capacity for ab-
sorption of the secreted sebum, which makes them conve-
nient and efficient for application on seborrheic and ac-
ne-prone skin (Del Rosso, 2009). The active substances 
which are prone to degradation caused by their chemical 
reactivity, UV light and other external factors, are protect-
ed when encapsulated in the microspheres. 

Microspheres have been investigated as carriers for 
different antiacne drugs. Microspheres with benzoyl per-
oxide have been shown to significantly reduce the excreted 
sebum in comparison with a mild liquid cleanser for seb-
orrheic skin (Del Rosso, 2009). In another study, regard-
ing microspheres containing benzoyl peroxide, the effica-
cy and tolerability of a cream with microspheres and en-
capsulated benzoyl peroxide (5.5%) was comparatively 
examined with a conventional 6% gel. The blind random-
ized study lasting for 12 weeks included 48 patients (>12 
years), with mild to moderate acne. The results showed 
that the microsphere cream has equivalent or better tolera-
bility than the conventional 6% gel formulation, as well as 
greater efficacy and higher patient preference (Smith and 
Kempers, 2006). A 12-week comparative study of tretinoin 
gel microsphere 0.1% and adapalene gel 0.1% for acne 
treatment assessed their efficacy and safety. It was shown 
that both formulations have similar efficacy, with tretinoin 
gel microsphere resulting in faster onset of action in terms 
of reduction of comedones compared to the adapalene gel 
(Nyirady et al., 2001). The combination of benzoyl perox-
ide formulation and tretinoin formulation in acne treatment 
may result in oxidation and degradation of tretinoin, due 
to benzoyl peroxide being strong oxidizing agent and the 
polyenic chains of tretinoin being prone to oxidation, there-
by reducing the effectiveness of tretinoin. However, the en-
capsulation of tretinoin in microspheres has significantly 
improved its photostability and incompatibility when com-
bined with erythromycin-benzoyl peroxide gel (Nyiradi et 
al., 2002) or in presence of erythromycin-benzoyl peroxide 
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or clindamycin-benzoyl peroxide after exposure to simu-
lated solar UV radiation (Nighland et al., 2006).  

In addition to the tendency of the retinoids to degrade 
upon exposure to factors such as heat, light, oxygen and 
trace amounts of metal ions, another problem associated 
with cosmetic and therapeutic formulations of retinoids is 
their proneness to cause skin irritation. Although the deg-
radation problem can be addressed to some extent by for-
mulating retinoids to include antioxidants and chelating 
agents,  this has been of limited success, particularly in oil-
in-water emulsions, which are generally the formulations 
of choice for skin care products. Oil-in-water emulsions 
appear to facilitate the diffusion of oxygen to the retinoids, 
thereby lessening the stabilizing effect of the antioxidants. 
The invention presented in US Patent US5851538 A ad-
dresses the need for a retinoid formulation with an aque-
ous continuous phase which resists decomposition and en-
tails a reduced degree of skin irritation, by formulating the 
retinoids as particles or particle suspensions in which the 
particles are porous matrices with the retinoid retained in-
side the pores. The porous microspheres with encapsulat-
ed retinoin present a stable and safe system with a con-
tinuous release which would result in greater efficacy and 
lower skin irritation. The patent describes a stable phar-
maceutical composition for topical administration of reti-
nol consisting of an oil-in-water emulsion comprising, sus-
pended in the emulsion, solid water insoluble microscop-
ic particles containing a substantially continuous network 
of pores open to the exterior of the particles, with the con-
centration of the retinoid composition relative to the phar-
maceutical composition being between about 0.001% and 
about 20.0% by weight. The retinoids are not part of the 
particle matrix and are typically deposited in the pores by 
conventional physical means subsequent to the formation 
of the particles. This composition causes lower irritancy 
when applied than a composition containing the same con-
centration of retinol in a non-microscopic particle formula-
tion (US Patent 5851538 A, 1998).

The US patent application US20140271875 A1 de-
scribes a formulation of microspheres with isotretinoin in 
the form of salt, ester or amide. Microspheres are made 
up of biodegradable polymers such as poly(lactic-co-gly-
colic acid) (PLGA) ranging from 0.1-10 µm in size, with 
a possibility for a continuous release of the encapsulated 
active ingredient. Results have shown that this formula-
tion results in improved efficacy and significant decrease 
of the local side-effects. By employing the compositions 
and methods of the invention, isotretinoin can be delivered 
deeply into the hair follicle where it will be converted to 
the active tretinoin to reach the sebaceous gland (US Pat-
ent 20140271875 A1, 2014).

The preparation of microparticles by using natural-
ly occurring polymers with incorporated tretinoin was 
described in the patent application WO2010023689 A2. 
Namely, these microparticles are based on ethyl cellulose 
as a polymer, with a defined particle and pore size in or-
der to achieve controlled release of tretinoin. The particle 

size of microparticles is also important in terms of spread-
ability, adhesion and feeling when incorporated in the top-
ical vehicle and applied on the skin. Through variation of 
the ratio between the polymer and the active substance, a 
satisfactory encapsulation efficiency and a continuous re-
lease can be achieved. It has been shown that when the 
microparticles are incorporated in a conventional vehicle 
such as gel, the formulation is found to be non-irritant to 
the skin and comparable in terms of efficacy in treating 
acne with a commercially available microparticle prepara-
tion (Patent WO2010023689 A2, 2010).

The US Patent application US20100068284 A1 pres-
ents a stable topical gel formulation comprising clindamy-
cin and microspheres containing adapalene, wherein the 
weight ratio of adapalene to the microspheres ranges from 
about 1:1 to about 1:20. The microspheres are composed 
of pharmaceutically acceptable polymer, selected from 
poly(dl-lactic-coglycolic acid), silica, cellulosic polymers, 
divinylbenzene and methacrylates. The efficacy, safety and 
tolerability of the stable, fixed dose topical formulation of 
0.1% microsphere adapalene/ 1% clindamycin gel applied 
once daily was evaluated vis-a-vis other formulations that 
are marketed, namely, to that of 0.1% adapalene and 1% 
clindamycin gel, applied once daily; 1% clindamycin gel, 
applied twice a day; 0.1% adapalene gel, applied once dai-
ly and 0.1% microsphere adapalene gel applied once dai-
ly, over a period of 12 weeks in patients with acne. It was 
observed that the formulation described in this patent was 
more effective on reducing inflammatory and non-inflam-
matory lesions count when compared against other treat-
ment groups. The group treated with this formulation also 
exhibited faster onset of action with trend towards reduc-
ing lesion count better than all the other groups. This effect 
points towards a better cumulative effect with microsphere 
adapalene and clindamycin in the treatment of acne (US 
Patent 20100068284 A1, 2010).

The patent application WO2010077971 A describes 
a cosmetic product, dry powder foundation formulations 
that would be adequate for acne-prone skin. The formula-
tion provides both acne treatment and prevention, as well 
as sunblock protection. It contains microspheres made up 
of allyl methacrylate crosspolymer in which salicylic acid 
is encapsulated, thus helping achieve a continuous release. 
Furthermore, as anti-acne additives, the formulation in-
cludes one or more salicylates, ideally isolated as an ex-
tract from willow bark and/or aspen bark. The designed 
microspheres have incorporated other active substances, 
such as sulfur, benzoyl peroxide and resorcinol. The incor-
poration of sunscreens also helps to improve acne, as UV 
exposure is known to exacerbate the condition (WO Patent 
App. PCT/US2009/068,298, 2010).

Micro/nanoemulsions

Microemulsions are transparent dispersions of oil and 
water, with droplets about 200 nm in size. They are ther-
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modynamically stable as the result of the interfacial film of 
molecules of the surfactant and the co-surfactant. The pres-
ence of these surface-active substances results in improved 
penetration through the skin layers. In microemulsions, the 
active ingredients are dissolved in one of the phases, which 
is why they are available for immediate release and action 
(Grampurohit et al., 2011; Shalita et al., 2004).

It is considered that in local application of microemul-
sions, there are interactions with stratum corneum, when 
the structural organization of the layers of lipids is changed 
and the potential for penetration is increased (Badawi et 
al., 2009). The microemulsions have been shown to be a 
suitable vehicle for topical application of several active 
substances used in acne treatment, such as azelaic acid, ret-
inoic acid, tretinoin and salicylic acid. The incorporation 
of azelaic acid in a viscosized microemulsion resulted in a 
significantly greater permeation in comparison with a com-
mercial gel of this active ingredient, which led to a conclu-
sion that the designed system of microemulsions with aze-
laic acid would be adequate for an efficient acne treatment 
(Gasco et al., 1991). In other study, prepared lecithinised 
microemulsions were proven as promising colloidal car-
riers allowing higher skin permeation and retentability of 
tretinoin compared to a solution, gel and marketed prep-
arations containing this active substance (Surabhi et al., 
2010). Microemulsions with erythromycin and microemul-
sion-based gels can be considered as a suitable substitute 
for commercial erythromycin gel containing high amount 
of alcohol. It was shown that this erythromycin micro-
emulsion-based gel is non-irritant and it is active against 
the tested microorganisms (Date et al., 2006).

Nanoemulsions are defined as dispersions (oil dis-
persed in water or water dispersed in oil) with very small 
droplets, sized in the range 20-200 nm, typically below 100 
nm. They have a large surface area and offer an opportuni-
ty for dissolving a large number of active substances. Na-
noemulsions can be used as carriers for both hydrophil-
ic and lipophilic active substances and they also positive-
ly influence the skin hydration and the viscoelasticity (An-
tonio J.R. et al., 2014). Due to their composition, size and 
the other properties, nanoemulsions show a significantly 
larger penetrability and skin retention, in comparison with 
the other colloidal systems, such as micro/nanoparticles, li-
posomes, microemulsions etc. (Singh, M. and Jain, 2011).

Micro/nanoemulsions are especially convenient sys-
tems in cosmetics because they show significant stabili-
ty, do not sediment and do not flocculate. Another advan-
tage is their small size, which provides a large surface area 
and a possibility for controlled release. The research shows 
that nanoemulsions selectively target the pilosebaceous 
unit and laterally penetrate the surrounding tissue. Further-
more, the droplets may be fused into the bacterial mem-
brane (due to the present surfactants) which leads to its ly-
sis (Prasad et al., 2012).

One prospective, randomized, open label, active-con-
trolled, multicentric, post-marketing clinical study assessed 

the efficacy and safety of the therapy with nanoemulsion 
gel formulation of adapalene 0.1% and clindamycin 1% 
combination and compared it with a conventional gel for-
mulation in Indian patients with face acne. The novel for-
mulation was demonstrated to significantly better reduce 
the total, inflammatory and noninflammatory acne lesions 
as compared to the conventional gel. With the nanoemul-
sion gel, significantly lower incidence and lesser intensi-
ty of adverse events like local irritation and erythema were 
recorded. Therefore, it can be concluded that adapalene 
and clindamycin combination nanoemulsion gel produc-
es better therapeutic response and shows better safety pro-
file compared to the conventional formulations (Prasad et 
al., 2012). This nanoemulsion gel formulation of adapalene 
and clindamycin combination has been patented and de-
scribed in patent application WO 2012053010 A2. In ad-
dition, there are several other patented formulas regarding 
innovations in the design of micro/nanoemulsions as carri-
ers for active substances in acne treatment.

 The US Patent US8268367 B2 describes a nanoemul-
sion-based formulation which comprises a combination of 
antibacterial ingredients, lemon juice and/or rose water as 
therapeutically active aqueous phase entrapped in oil phase 
from selected essential oils. The formulation comprises 
nonionic surfactants Tween 20 and Tween 80 (88:12), eth-
anol as co-surfactant and lanolin and stearic acid as soft-
ening agents. The designed water-in-oil nanoemulsion has 
droplets ranging 0.5 to 50 nm in size and it is adequate for 
topical acne treatment and other skin disorders like ecze-
ma, psoriasis etc. as a result of improved penetration and 
localization in the skin and the excellent thermodynamic 
stability of the system, as well as low skin irritation and 
reservoir effect that promotes drug localization in the skin 
enabling controlled delivery of the therapeutic agents (US 
Patent US8268367 B2, 2012).

US patent application US2010/0226983 A1 describes a 
nanoemulsion formulation comprising oil and water phase 
and two surfactants which can incorporate various active 
substances for efficient acne treatment. The size of the na-
noemulsion droplets is ~150 nm in order to achieve effec-
tive penetration into the pilosebaceous unit and a high local 
concentration of the active ingredient (US20100226983 
A1, 2010).

In US Patent US5753241 A, an oil-in-water nanoemul-
sion having oil globules with a mean size of less than 100 
nm has been presented. The nanoemulsion comprises am-
phiphilic lipid component characterized in that it com-
prises at least one non-ionic amphiphilic lipid component 
which is liquid at temperatures lower than 45 °C, where-
in the ratio by weight of the amount of oil to the amount of 
amphiphilic lipid component is from 2 to 10. The amphi-
philic lipid component additionally contains one or more 
ionic amphiphilic compounds preferably chosen from the 
group of neutralized anionic lipids, amphoteric ionic lip-
ids or alkylsulfonic derivatives. The nanoemulsion further 
comprises and additive that improves transparency (low-
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er alcohol or glycol). It can incorporate water-soluble or li-
posoluble dermatological and cosmetic ingredients. Due to 
the presence of water as exterior phase, this system is espe-
cially convenient for treatment of seborrheic skin (US Pat-
ent US5753241 A, 1998).

Lipid nanoparticles (SLNs and NLCs)

Lipid nanoparticulated systems (solid lipid nanopar-
ticles-SLNs and nanostructured lipid carriers-NLCs) are 
based on a lipid component (triglycerides, glycerides or 
solid wax at room temperature) which, when melted or in 
liquid state forms nanostructures while cooling down dur-
ing the emulsion process. The interest for these systems is 
based on the absence of organic solvents which are usually 
used in the formation of the other colloidal systems (Atrux-
Tallau et al., 2010). 

Solid lipid nanoparticles (SLNs) are submicron-sized 
colloidal systems ranging from 50 to 1000 nm in size, com-
prising lipids (highly purified triglycerides, complex mix-
tures of glycerides and waxes) dispersed in a water solu-
tion of surfactant in order to achieve a physical stabili-
ty of the dispersion (Müller et al., 2000). The usually uti-
lized surfactants are poloxamer 188, polysorbate 80, leci-
thin, tyloxapol, polyglycerol methylglucose distearate, so-
dium cocoamphoacetate and saccharose fatty acid esters 
(Schäfer-Korting and Mehnert, 2005). SLNs are suitable 
for incorporation of lipophilic, hydrophilic and poorly wa-
ter-soluble drugs within the lipid matrix in considerable 
amounts (Date et al., 2006). Due to utilization of physio-
logically acceptable lipids, SLNs show improved body/tis-
sue tolerance. Other advantages that these colloidal carriers 
show are as follows: protection of labile compounds from 
chemical degradation, e.g. for retinol, coenzyme Q-10, to-
copherol (Jenning and Gohla, 2001; Schäfer-Korting et al., 
2007); depending on the produced SLN type, modulation 
of drug release profile is possible (Date et al., 2006). SLNs 
having a drug-enriched shell are suitable for incorporation 
of active substances that are released as a burst, whereas 
SLNs with a drug-enriched core show sustained drug re-
lease (Date et al., 2006). SLNs may alleviate skin dryness 
caused by many anti-acne agents, due to an occlusive ef-
fect. Moreover, SLNs have the ability to reflect and scatter 
UV radiation, thus act as physical sunscreens on their own 
and allow improved protection of photolabile drugs/anti-
acne agents (Date et al., 2006; Wissing and Müller, 2001). 

A major drawback of SLNs is the low capacity of in-
corporation of the hydrophilic active substances, which 
limits their use. Namely, only the highly potent hydrophil-
ic ingredients, which are efficient in small doses, would be 
adequate for incorporation into the lipid matrix. Among the 
other disadvantages of these systems are the appearance of 
agglomeration of particles, an unpredictable tendency to-
wards gel-formation, drug expulsion and unexpected dy-
namics of polymer transitions that significantly influence 
the stability and the shelf-life of these formulations (Patil 

et al., 2013; Thassu et al., 2007; Vyas et al, 2014).
SLNs are the first generation of lipid nanoparticles that 

were later replaced by NLCs, as a newer generation of lip-
id systems with numerous advantages. The main differ-
ence between SLNs and NLCs is the composition and the 
physical state of the lipids. In the case of SLNs, the core 
is composed of a solid lipid, whereas NLCs have a liquid 
lipid core (Pathak and Thassu, 2009). SLNs prepared from 
one highly purified lipid can crystallize in a perfect crys-
talline lattice that allows smaller space for drug incorpo-
ration (Yoon, G. et al., 2013). The spatially different lip-
ids used in preparation of NLCs, however, do not form a 
perfect crystalline lattice structure and the imperfections in 
the solid matrix of NLCs allow for incorporation of drugs 
in molecular form or as amorphous clusters (Saupe et al., 
2005; Yoon, G. et al., 2013). These imperfections in NLCs 
enable their higher drug loading capacity and prevention 
of drug expulsion (Yoon G et al., 2013). At the same time, 
the solubility of lipophilic drugs being higher in liquid lip-
ids than in solid lipids and the possibility of modulation of 
drug release represent the main advantages of NLCs over 
SLNs (Vyas et al., 2014; Yoon, G. et al., 2013). 

Recent research in the field of potential application of 
lipid nanoparticles in acne treatment shows that they are 
superior to nanoemulsions and the other nanoparticulated 
systems. SLNs have been investigated as potential carriers 
of: tretinoin, isotretinoin, retinoic acid, sphingosomes, cy-
proterone acetate and triclosan (Vyas et al., 2014). The re-
sults pointed out that these lipid carriers enable decreased 
skin irritation and greater tolerance, occlusiveness, slow-
er release of the incorporated active substances, increased 
permeability into the skin layers and greater stability (Vyas 
et al., 2014). Lipid nanocarriers have also been investigat-
ed for combined acne therapy. The incorporation of treti-
noin and tetracycline into negatively-charged NLCs rang-
ing 200 nm in size resulted in a significantly greater anti-
bacterial activity towards Staphylococcus aureus in com-
parison with the control solution (Lin et al., 2013).

A delivery system based on lipid nanoparticles is de-
scribed in the patent application WO 2011116963 A2. The 
formulation relates to lipid nanoparticles constituted by 
a solid lipid matrix at room temperature, or by a matrix 
formed by a mixture of liquid (oils) and solid lipids at room 
temperature which are coated with a polymer and can in-
corporate different active substances, such as those used 
in acne treatment. The delivery system of this invention 
avoids the diffusion of hydrophilic active substances in the 
SLN and NLC dispersions, enables greater stabilization of 
the incorporated active substance than in the SLNs and the 
NLCs, and has a greater epidermal penetration capacity 
than other known delivery systems (WO Patent App. PCT/
EP2011/001,475).

The patent application WO2009111852 A2 presents a 
formulation of SLNs with retinoids and lipophilic amines. 
Through formation of ionic pairs between retinoic acid and 
the lipophilic amines, such as stearylamine, high encapsu-
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lation efficacy of retinoic acid is achieved and an oppor-
tunity for its prolonged release exists. Skin irritation stud-
ies showed that the SLNs loaded with the ion pairing were 
significantly less irritating when compared to the market-
ed retinoic acid cream. This novel SLNs formulation repre-
sents a promising alternative for topical treatment of acne 
with retinoic acid (Castro et al., 2009; WO Patent App. 
PCT/BR2009/000,072).

Conclusion

The use of various systems as carriers of active sub-
stances is becoming more popular in modern cosmetolo-
gy, due to the need for formulation of efficient, safe and ac-
ceptable cosmetic products. One of the recent focuses of 
research in the field of acne treatment has been the assess-
ment of different novel drug delivery systems as carriers 
for anti-acne drugs. In the last two decades, there has been 
a significant increase in the number of patents in cosmetol-
ogy, with many patents emerging in the area of acne treat-
ment and some of these patented formulations becoming 
commercially available. The novel drug delivery systems 
can help overcome the limitations of conventional formu-
lations used in acne treatment, offering several advantages 
such as possibility for controlled release of the active sub-
stances, improved stability and reduction of side-effects, 
therefore, improving the patients` compliance to the treat-
ment.
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Acne vulgaris (акне) е хронична инфламаторна дерматоза која влијае на пилосебацеалната единица, со разнолична 
клиничка слика која вклучува инфламаторни и неинфламаторни кутани лезии. Оваа мултифакторијална болест 
најчесто се јавува кај адолесценти, но сепак може да ги погоди и децата и возрасните. 

Постојат различни терапевтски опции за третман на акни и опфаќаат топикални, системски или хормонални 
агенси или нивни комбинации. Изборот на терапија зависи од неколку фактори, како што се тежината и степенот 
на болеста и зафатеното место. Често користена топикална терапија на акни вклучува бензоил пероксид, салицилна 
киселина, антибиотици, ретиноиди, азелаична киселина, сулфонски агенси и нивни комбинации. Системските 
антибиотици се индицирани за употреба при умерени до тешки инфламаторни акни и треба да се користат во 
комбинација со топикален ретиноид и бензоил пероксид.

Достапните конвенционални формулации често предизвикуваат несакани ефекти, меѓу кои кожна иритација, 
сувост, лупење, чешање, што води до намалено придржување на пациентот кон терапијата и нарушена терапевтска 
ефикасност. 

Новите системи за насочување на активни супстанции се ветувачка опција за подобрување на резултатот од 
третманот на акни, бидејќи може да ги намалат несаканите ефекти предизвикани од терапевтските агенси или да 
ги променат нивните својства, истовремено нудејќи можност за модифицирано ослободување и подобрена кожна 
пенетрација на активните супстанции.

Производителите на козметика применуваат микро/нанотехнологија во нивните формулации, а патентната 
заштита на козметичките производи добива сè поголемо значење во изминатите децении. 

Овој труд дава преглед на микро/нанопартикулираните системи кои може да се користат во третман на акни, 
како и на објавените патенти кои се однесуваат на нив.
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Abstract

The use of lopinavir/ritonavir (LPV/r) could be associated with testicular toxicity as a limiting factor. The present study evaluated the 
effects of melatonin (MT) and alpha lipoic (ALA) acid on LPV/r–induced testicular toxicity in male albino rats. Eighty five male albino rats 
used for this study were randomized into 6 groups (A-F). Rats in groups A1 and A2 served as placebo and solvent control and were orally 
exposed to water and 1% ethanol, respectively.  Rats in group B were exposed to oral doses of MT (10 mg kg-1/day), ALA (10 mg kg-1/day) 
and combined doses of MT and ALA, respectively. Rats in group C were exposed to oral doses of LPV/r (22.9/5.71 - 91.4/22.9 mg kg-1/
day), respectively. Rats in group D-F were exposed to oral doses of MT (10 mg kg-1/day), ALA (10 mg kg-1/day) and combined doses of 
MT and ALA prior to oral exposure to LPV/r (22.9/5.71 - 91.4/22.9 mg kg-1/day), respectively. At the end of 60 days of exposure to drugs, 
rats were sacrificed; blood was collected and serum extracted and evaluated for testosterone. Testes were collected and evaluated for sperm 
parameters. LPV/r-treated rats showed significant (P<0.05) and dose-dependent decreases in sperm count, sperm motility, sperm viability 
and serum testosterone levels with increases in abnormal sperm cells, debris, and primordial sperm cells when compared to placebo con-
trol. However, LPV/r-induced changes in sperm parameters and serum testosterone levels were attenuated in rats pretreated with MT and 
ALA. The best effects were observed in rats pretreated with combined doses of MT and ALA. Melatonin and alpha lipoic acid have poten-
tial to reduce testicular toxicity associated with lopinavir/ritonavir treatment.
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Introduction

Melatonin (MT) is produced by the pineal gland dur-
ing the dark phase at night and its production is acutely 
suppressed by light (Ventura et al., 2000). It is an amphi-
phlic antioxidant that is soluble in lipid and aqueous phas-
es. In addition to the antioxidant effect of MT, its second-
ary and tertiary metabolites can also neutralize numerous 
toxic oxygen derivatives via cascade of reactions. Also, 

MT has anti-inflammatory effect and can inhibit the pro-
duction of tumor necrosis factor alpha (TNF-α) and oth-
er pro-inflammatory cytokines. It can regulate an immense 
diversity of physiological processes, including reproduc-
tive cycles (Ekmekcioglu, 2006). Regulation of reproduc-
tive processes can occur through its receptors found in the 
epididymis, and on spermatozoa (Casao et al., 2010). It 
can stimulate the hypothalamus-hypophysis-gonadal sys-
tem thereby regulating testicular functions (Sarabia et al., 
2011). Furthermore, in addition to its regulatory effects on 
testicular function, studies have shown that it can mitigate 
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xenobiotic-induced testicular damage (Mirhoseini et al., 
2014; Sarabia et al., 2009). Also, it could up-regulate and 
stimulate the testicular antioxidant effects of glutathione, 
superoxide dismutase, and catalase, in xenobiotic-intoxi-
cated rats (Othman et al., 2016). 

Alpha lipoic acid (ALA) is an essential cofactor for 
the E2 component of α-keto-acid dehydrogenase complex-
es, exclusively located in mitochondria. It catalyzes the ox-
idative carboxylation of pyruvate and plays a fundamental 
role in carbohydrate metabolism and bioenergetics (Pack-
er et al., 2009). It is a water and fat-soluble antioxidant that 
crosses biological membranes easily and suppresses free 
radicals, thereby preventing free radical-induced oxidative 
damage. Dihydrolipoic acid (reduced form of ALA) is a 
stronger antioxidant than lipoic acid and can act synergis-
tically with other antioxidants such as glutathione, ascor-
bate and tocopherol (Navari-Izzo et al., 2002). Also, in ad-
dition to its antioxidant property it has anti-inflammatory 
effect and can inhibit the release of pro-inflammatory cy-
tokines, including TNF-α and interleukin 6 (IL-6) (Sola et 
al., 2005). Studies have associated ALA with plethora of 
physiological functions which include regulation of repro-
ductive function. The provision of adequate antioxidant en-
vironment that regulates signal transduction in hypothala-
mus-testicular axis leading to increase sperm production is 
a vital function of ALA (Minaii et al., 2014). Also, it could 
minimize testicular oxidative stress and increased semen 
quality (Peruma et al., 2013). Studies have shown inherent 
potential in ALA as a recipe for drug and chemical agent-
induced testicular damage (Lebda et al., 2014; Prahalathan 
et al., 2006). Furthermore, pronounce effect characterized 
by synergistic activity has been reported with concurrent 
use of MT and ALA (Mukherjee et al., 2011).

Lopinavir/ritonavir (LPV/r) is a fixed dose protease in-
hibitor used as a component of highly active antiretroviral 
therapy. It has contributed immensely toward drastic re-
duction in mortality and morbidity associated with human 
immune deficiency virus (Yeni et al., 2002). Despite the 
therapeutic benefits associated with the use of LPV/r, its 
lifelong use could be accompanied by toxicities which in-
clude testicular toxicity (Bujan et al., 2007; Dulioust et al., 
2002). The use of LPV/r combination has been associat-
ed with decrease in sperm quality, erectile dysfunction, de-
crease libido, ejaculatory disturbance, and orgasmic disor-
ders (Collazos, 2007; Colson et al., 2002). Furthermore, 
LPV/r associated testicular toxicity could be characterized 
by oxidative stress, because it has been associated with mi-
tochondria damage leading to the production of oxidative 
radicals (Pavili et al., 2013). Sperm cells have large quan-
tity of polyunsaturated acid which could be destroyed via 
lipid peroxidation in the presence of excess oxidation radi-
cals (Diehl et al., 2013). In the light of the above informa-
tion, the present study was designed to evaluate the effects 
of MT and ALA on LPV/r-induced testicular toxicity in al-
bino rats. The effects of these antioxidants were evaluated 
on LPV/r-induced testicular levels of sperm count, motili-

ty, abnormal sperm cells (morphology), debris, primordial 
sperm cells and serum testosterone in albino rats.

Materials and methods

Animals

Eighty five male albino rats used for this study were 
obtained from the animal house of the University of Port 
Harcourt, Choba, Rivers State. The rats were randomized 
into separate cages (5 per cage) and allowed to acclima-
tize for 2 weeks in a well-ventilated room, maintained at a 
room temperature of 28 ± 2 °C, under 12 h light/dark cy-
cle. The rats were allowed free access to food and water ad 
libitum. All rats used for this study were handled in accor-
dance with Directive 2010/63/EU of the European Parlia-
ment and the Council on the protection of animals used for 
scientific purposes.

Drugs

LPV/r used for this study was manufactured by My-
land Laboratories Limited India. The pure samples of MT 
and ALA used were supplied by Shijiazhuang AO Pharm 
Import and Export Co Ltd China. All other chemicals used 
for this study are of analytical grade. LPV/r (22.9/5.71, 
45.6/11.4 and 91.4/22.9 mg kg-1/day) which represent 2, 4 
and 8 times the clinical dose (Hull et al., 2009), MT (10 mg 
kg-1) and ALA (10 mg kg-1) were used for this study (Ali et 
al., 2013; Bilginoğlu et al., 2014). LPV/r was dissolved in 
1% ethanol (Reyskens et al., 2013), ALA was dissolved in 
water, while MT was dissolved in 1% ethanol and diluted 
with normal saline (Shagirtha et al., 2011).

Experimental protocol

Rats used for this study were divided into 6 groups 
(A-F). Group A served as the control and was divided into 
two sub-groups A1 and A2 of 5 rats each. Rats in group A1 
(placebo control) and group A2 (solvent control) were oral-
ly treated with normal saline and 1% ethanol, respectively 
for 60 days. Groups B-F contained 15 rats each which were 
divided into 3 sub-groups of 5 rats each. Rats in group B 
were orally exposed to MT (10 mg kg-1/day), ALA (10 
mg kg-1/day) and combined doses of MT and ALA for 60 
days.  Rats in group C were orally exposed to 22.9/5.71, 
45.6/11.4 and 91.4/22.9 mg kg-1/day of LPV/r for 60 days. 
Rats in groups D-F were exposed to 10 mg kg-1/day of MT, 
10 mg kg-1/day of ALA and combined doses of MT and 
ALA prior to oral exposure to LPV/r (22.9/5.71, 45.6/11.4 
and 91.4/22.9 mg kg-1/day) for 60 days, respectively.

Collection of sample for semen analysis

Rats were sacrificed using diethyl ether at the end of 
60 days of drug exposure and blood was collected through 
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cardiac puncture in a sterile sample container and allowed 
to clot. The blood was centrifuged at 1200 for 15 min and 
serum extracted for testosterone evaluation. The caudal ep-
ididymis was removed and placed in a petri dish containing 
3.0 mL of NaHCO3 buffered Tyrode’s lactate solution. Sev-
eral incisions about 91 mm were made on it and semen was 
drawn into a plastic transfer pipette and transferred into 5 
mL test tubes and was then shaken for homogeneity and 
dispersal of sperm cells (Amelar et al., 1973).

Evaluation of sperm parameters and serum testosterone

Sperm count, motility, viability, abnormal sperm cells 
(morphology), debris, and primordial sperm cells were 
evaluated using standard laboratory technique (WHO, 
1999) while serum testosterone was measured as report-
ed by Tietz (1995).

Statistical analysis

The results were analyzed using Graph pad prism 5 
statistical packages and ANOVA and differences between 
samples were determined by Dunnett’s Multiple Compar-
ison Test. Results are expressed as mean ± standard error 
of mean (S.E.M). Statistical significance was set at P<0.05.

Results

Sperm count, sperm motility, sperm viability and se-
rum testosterone levels were increased, while sperm de-
bris, abnormal sperm cells (morphology) and primordial 
sperm cells were decreased in rats treated with MT and 
ALA. However, effects were not significant (P>0.05) when 
compared to placebo control. On the other hand, significant 
reductions (P<0.05) in sperm debris, abnormal sperm cells 
(morphology) and primordial sperm cells were observed  
in rats that received combined treatment with MT and ALA 
when compared to placebo control (Table 1). Sperm count, 
sperm motility, sperm viability and serum testosterone lev-
els were significantly (P<0.05) decreased in a dose-depen-
dent manner in rats orally exposed to 22.9/5.71 - 91.4/22.9 
mg kg-1/day of LPV/r for 60 days when compared to pla-

cebo control (Table 2 and 3). However, the above sperm 
parameters and serum testosterone levels were significant-
ly (P<0.05) increased in rats administered with MT and 
ALA prior to the administration of 22.9/5.71 - 91.4/22.9 
mg kg-1/day of LPV/r when compared to LPV/r treated 
rats. It is worthy of note that the highest and significant 
(P<0.05) levels of sperm count, sperm motility, sperm vi-
ability and serum testosterone levels were observed in rats 
administered concurrently with MT and ALA when com-
pared to individual doses of MT and ALA (Table 2 and 
3). Furthermore, abnormal sperm cells (morphology), de-
bris and primordial sperm cells were significantly (P<0.05) 
and in a dose-dependent manner increased in rats adminis-
tered with 22.9/5.71 - 91.4/22.9 mg kg-1/day of LPV/r for 
60 days when compared to placebo control. However, the 
above sperm parameters were decreased in rats adminis-
tered with individual doses of MT and ALA prior to the ad-
ministration of 22.9/5.71 - 91.4/22.9 mg kg-1/day of LPV/r. 
The observed decreases differ significantly (P<0.05) when 
compared to LPV/r-treated rats. Interestingly, decreases in 
abnormal sperm cells (morphology), debris and primordi-
al sperm cell levels were lowest and significantly (P<0.05) 
different in rats administered with combined doses of ALA 
and MT when compared to individual doses of MT and 
ALA (Table 2 and 3).

Discussion

This study evaluated the effects of MT and ALA on 
sperm parameters and serum testosterone levels of LPV/r- 
treated albino rats. In the present study, sperm count, motil-
ity, viability and serum testosterone were increased, while 
abnormal sperm cells (morphology), debris and primordial 
sperm cells were decreased in rats administered with MT 
and ALA. The effects on these parameters were highest 
in rats co-treated with MT and ALA. These observations 
are consistent with previous reports (Bustos-Obregón, et 
al., 2013; Nasiraei-Moghadam et al., 2014). On the con-
trary, sperm counts, sperm viability, sperm motility and 
serum testosterone levels were decreased whereas abnor-
mal sperm cell (morphology), debris and primordial sperm 
cells were increased in a dose-dependent manner in LPV/r 
- treated rats. These results are also in conjunction with ear-

Table 1. Effects of melatonin and alpha lipoic acid on sperm parameters and serum testosterone levels of male albino rats

Drug Sperm count
(106 mL-1)

Abnormal 
sperm cells (%) Motility (%) Debris (%) Primordial

sperm cells %)
Sperm 

viability (%)
Serum testosterone 

(g dL-1)

Control

MT

ALA 

MT + ALA

66.7 ± 8.03

70.2 ± 7.73

69.2 ± 5.10

72.5 ± 6.64

12.0 ± 0.41

10.0 ± 0.81

10.1 ± 1.50

8.00 ± 0.57*

64.7 ± 8.85

69.0 ± 8.58

67.7 ± 6.65

71.3 ± 5.31

12.3 ± 0.41

10.8 ± 0.32

11.0 ± 1.57

7.00 ± 0.50*

15.7 ± 1.43

13.7 ± 1.10

14.0 ± 1.21

8.30 ± 1.30*

69.7 ± 7.06

75.7 ± 6.00

73.7 ± 8.16

80.7 ±  5.11

1.65 ± 0.22

1.80 ± 0.03

1.70 ± 0.01

2.10 ± 0.06*
MT = Melatonin; ALA = Alpha lipoic acid. Data are expressed as mean ± S.E.M. (n=5). 
*Significant difference (P<0.05) when compared to control.
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Table 2. Effects of melatonin and alpha lipoic acid on sperm count, sperm motility, sperm viability and morphology of lopi-
navir/ritonavir treated male albino rats 

Dose (mg kg-1) Control LPV/r MT+LPV/r ALA+LPV/r MT+ALA+LPV/r
Sperm count (106 mL-1)

22.9/5.71 66.8 ± 8.03a 31.8 ± 4.18 b 60.3 ± 7.48 c 58.5 ± 6.29 c 68.5 ± 6.65 d

45.9/11.4 66.8 ± 8.03a 28.3 ± 3.11b 42.5 ± 5.65 c 37.5 ± 4.05 c 66.3 ± 7.38 d

91.4/22.9 66.8 ± 8.03a 23.5 ± 3.05 b 37.3 ± 6.48 c 35.2 ± 3.63 c 64.5 ± 5.96 d

Sperm motility (%)
22.9/5.71 64.3 ± 5.85a 34.5 ± 2.19b 65.3 ± 4.56c 62.3 ± 5.11c 66.3 ± 8.75d

45.9/11.4 64.3 ± 5.85a 25.8 ± 2.85b 51.2 ± 6.65c 50.6 ± 3.32c 65.3 ± 7.41c

91.4/22.9 66.3 ± 5.85a 20.1 ± 1.82b 37.5 ± 3.30c 35.2 ± 2.48c 63.7 ± 5.32d

Sperm viability (%)
22.9/5.71 69.7 ± 7.06a 40.3 ± 6.13b 60.3 ± 5.51c 57.5 ± 5.29c 74.3 ± 6.30d

45.9/11.4 69.7 ± 7.06a 25.7 ± 2.10b 45.4 ± 6.05c 40.5 ± 4.05c 68.2 ± 7.20c

91.4/22.9 69.7 ± 7.06a 20.4 ± 1.02b 36.7 ± 4.32c 33.1 ± 4.63c 67.3 ± 6.11d

Sperm morphology (abnormal) (%)
22.9/5.71 12.7 ± 0.41a 24.5 ± 1.03b 11.0 ± 0.11c 10.5 ± 1.23c 9.00 ± 0.17d

45.9/11.4 12.7 ± 0.41a 30.8 ± 2.27b 13.3 ± 1.68c 13.3 ± 1.71c 9.32 ± 0.48c

91.4/22.9 12.7 ± 0.41a 40.5 ± 3.65b 18.4 ± 1.65c 20.8 ± 2.58c 11.5 ± 0.18c

LPV/r = Lopinavir/ritonavir; MT = Melatonin; ALA = Alpha lipoic acid. Data are expressed as mean ± S.E.M. (n=5). 
Values with different superscripts on the same row differ significantly at P<0.05.   

Table 3. Effects of melatonin and alpha lipoic acid on primordial sperm cells, sperm debris and serum testosterone levels of 
lopinavir/ritonavir treated male albino rats 

Dose (mg kg-1) Control LPV/r MT+LPV/r ALA+LPV/r MT+ALA+LPV/r
Primordial sperm cell (%)

22.9/5.71 15.7 ± 1.43a 27.3 ± 1.16 b 14.0 ± 0.20c 15.3 ± 1.32 c 12.0 ± 0.11 d

45.9/11.4 15.7 ± 1.43a 35.6 ± 2.13b 17.4 ± 1.31 c 18.5 ± 1.17 c 12.3 ± 0.31 c

91.4/22.9 15.7 ± 1.43a 40.2 ± 2.25 b 20.4 ± 2.15 c 21.8 ± 2.31 c 13.2 ± 0.97 d

Sperm debris (%)
22.9/5.71 12.5 ± 1.41a 25.0 ± 2.31b 12.7 ± 0.20c 12.3 ± 0.32c 10.0 ± 0.19d

45.9/11.4 12.5 ± 1.41a 37.1 ± 2.15b 14.5 ± 1.31c 15.6 ± 1.15c 10.3 ± 0.35c

91.4/22.9 12.5 ± 1.41a 47.2 ± 3.10b 17.4 ± 1.10c 20.7 ± 2.00c 12.5 ± 0.17d

Serum testosterone (g dL-1)
22.9/5.71 1.65 ± 0.22a 1.00 ± 0.05b 1.61 ± 0.15c 1.50 ± 0.17c 1.71 ± 0.03 c

45.9/11.4 1.65 ± 0.22a 0.67 ± 0.05b 1.17 ± 0.09c 1.20 ± 0.03c 1.60 ± 0.07d

91.4/22.9 1.65 ± 0.22a 0.32 ± 0.01b 0.83 ± 0.07c 0.79 ± 0.01c 1.47 ± 0.17d

LPV/r = Lopinavir/ritonavir; MT = Melatonin; ALA = Alpha lipoic acid. Data are expressed as mean ± S.E.M. (n=5). 
Values with different superscripts on the same row differ significantly at P<0.05.   

lier findings (Adaramoye et al., 2013; van Leeuwen et al., 
2008). The altered levels of sperm parameters and serum 
testosterone in LPV/r-treated rats are signs of testicular 
damage (Adaramoye et al., 2015). The observed decreas-
es in sperm count, sperm viability and serum testosterone 
levels in LPV/r-treated rats could be attributed to damage 

to Leydig cells and seminiferous tubules responsible for 
testosterone and sperm production, respectively (Abd-Al-
lah et al., 2000). The reasons for the observed decreases in 
sperm motility in LPV/r-treated rats may be due to decreas-
es in axonemal protein phosphorylation and sperm immo-
bilization, which could lead to reduction in membrane flu-
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idity (Armstrong et al., 1999; de Lamirande and Gagnon 
1992). Mitochondria present in sperm cells are required 
for energy production, hence direct mitochondria damage 
by LPV/r can decrease energy required for sperm motili-
ty (de Lamirande and Gagnon 1995; Kelton et al., 2008). 
Semen morphology as measured according to strict crite-
ria appears to be the most informative semen measurement 
for discriminating between fertile and infertile men (Cuz-
ick et al., 2001). In the current study, observed increases in 
abnormal sperm cells (morphology), sperm debris and pri-
mordial sperm cells in LPV/r-treated rats could be attrib-
uted to LPV/r-induced testicular oxidative stress, because 
studies have correlated oxidative stress with the production 
of immature sperm cells and abnormal sperm morphology 
(Ollero et al., 2001).

However, the observed alterations in sperm parame-
ters and serum testosterone levels were ameliorated in rats 
administered with MT and ALA prior to LPV/r administra-
tion. Ameliorative effects were highest in rats co-admin-
istered with MT and ALA prior to LPV/r administration. 
These observations showed that MT and ALA have inher-
ent therapeutic potential that could be of benefits in LPV/r 
associated testicular damage. Similarly, some authors have 
reported the protective effect of MT in cyclophosphamide-
induced testicular toxicity in rats (Chabra et al., 2013). 
Also, El-Beshbishy and co-workers reported the amelio-
rative effect of ALA on sperm parameters of bisphenol-A-
treated albino rats (El Beshbishy et al., 2013). The amelio-
rative effects of MT and ALA observed in the current study 
could be due to their antioxidant and anti-inflammatory ef-
fects. Also, the reason for the highest ameliorative effects 
observed with concurrent MT and ALA administration 
may be due to the potentiation of the activity of each oth-
er. Similarly, some authors have reported synergistic activ-
ity with concurrent MT and ALA administration (Adikwu 
et al., 2016). MT and its metabolite, ALA and its reduced 
form can scavenge varieties of oxidative radicals, thereby 
preventing oxidative stress-induced damage. They can also 
up-regulate the anti-oxidant activities of endogenous anti-
oxidants (Cagnoli et al., 1995; Trujillo and Radi, 2002). 
MT and ALA can inhibit the production of pro-inflamma-
tory cytokines (IL-1β and TNF-α) and increase the level 
of anti-inflammatory cytokines (IL-4), thereby preventing 
inflammatory cell-induced testicular damage (Çakir et al., 
2015; Carrasco et al., 2013). ALA can stimulate the recy-
cling of tocopherol and ascorbic acid and in combination 
with its scavenging ability, maintain levels of protein thi-
ols and therefore modulates endogenous antioxidants in 
the hypothalamus and epididymal sperm (Holmquist et 
al., 2007; Scholich et al., 1989). Othman et al. (2016) re-
ported the ability of ALA to sustain the levels of cholester-
ol, sex-hormone-binding globulin (SHBG), dehydroepian-
drosterone sulfate (DHEAS), glucose-6-phosphate dehy-
drogenase (G6PD) and 3β-hydroxysteroid dehydrogenase 
(3BHSD). This provides adequate antioxidant milieu that 
can maintain a fine tuning of signal transduction mecha-

nisms necessary for normal function of hypothalamus-tes-
ticular axis leading to normal secretion of testosterone and 
sperm production (Sundaram et al., 2006). ALA adminis-
tration was reported to protect DNA and membrane pro-
teins in epididymal sperm which was accompanied by a 
marked rise in sperm motility and a distinct decrease in 
abnormal sperm production (Sundaram et al., 2006). Fur-
thermore, MT can increase GnRH pulsatile secretion; re-
duce prolactin levels and increase LH, FSH, and testos-
terone secretion by acting on the hypothalamus-pituitary 
axis which may facilitate spermatogenesis (Lincoln et al., 
1997). It can stimulate the complete regeneration of testic-
ular germ cells (Aziz et al., 2013), protect semen lipid, pro-
tein and DNA content against oxidative damage and sus-
tained higher intracellular ATP concentrations in semen fa-
cilitating increase sperm motility (Cabrer et al., 2001; Suc-
cu et al., 2011).  

Conclusion

This study observed that MT and ALA ameliorate 
LPV/r-induced testicular toxicity in rats. Ameliorative ef-
fects were highest in rats pretreated concurrently with MT 
and ALA. Based on the findings in the current study, MT 
and ALA could be used for the treatment of LPV/r associ-
ated testicular toxicity. 
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Резиме

Влијание на мелатонин и алфа липоична киселина врз 
намалување на лопинавир/ритонавир-предизвиканата 

токсичност на тестисите кај албино стаорци

Елиас Адикву*, Брамбаифа Нелсон, Волфе Атубоведиа Обианиме 

Институт за фармакологија, Факултет за базични медицински науки,  
Универзитет на Порт Харкорт, Чоба, Нигерија

Клучни зборови: лопинавир/ритонавир, тестис, токсичност, антиоксиданси, стаорци.

Примената на лопинавир/ритонавир (LPV/r) е ограничена заради ризик од токсичен ефект на тестисите. Во ова 
истражување беше евалуиран ефектот на мелатонин (MT) и алфа липоична киселина (ALA) врз LPV/r-предизвиканата 
токсичност кај машки албино стаорци. За оваа цел, 85 стаорци беа поделени по случаен избор во 6 групи (A-F). 
Групите А1 (плацебо-контролирана) и А2 (третирана со растворувач), беа орално третирани со вода и етанолен 
раствор (1%), соодветно. Стаорците од групата B беа третирани орално со MT во доза од 10 mg kg-1/ден, ALA (10 
mg kg-1/ден) или нивна комбинација (MT и ALA). Стаорците од групата C беа орално третирани со следниве дози на 
LPV/r: 22.9/5.71 - 91.4/22.9 mg kg-1/ден. Стаорците од групите D-F беа третирани со 10 mg kg-1/ден MT, 10 mg kg-1/ден 
ALA или нивна комбинација пред да бидат орално изложени на LPV/r во дози од 22.9/5.71 - 91.4/22.9 mg kg-1/ден, 
соодветно. По 60-дневен третман, стаорците беа жртвувани; нивото на тестостерон беше определено во примероци 
од крв и серум. Тестисите беа изолирани заради анализа на семените карактеристики. Кај стаорците третирани со 
LPV/r беше забележано статистички значајно и дозно-зависно намалување на бројот на сперматозоиди, нивната 
подвижност и виталност, како и серумското ниво на тестостерон, додека пак бројот на абнормални сперматозоиди, 
мртви и примитивни клетки беше зголемен во споредба со контролните стаорци. Меѓутоа, LPV/r-предизвиканите 
промени во однос на семените параметри и серумското ниво на тестостерон беа помалку изразени кај стаорците 
претходно третирани со MT и ALA. Најзначаен превентивен ефект покажа комбинираниот третман со MT и ALA. 
Оттука, може да се заклучи дека MT и ALA поседуваат потенцијал за намалување на токсичноста на тестисите 
предизвикана од LPV/r.
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Abstract

Multiple myeloma (MM) is a hematological neoplastic plasma-cell disorder in the bone marrow. Nowadays, the survival of MM 
patients has improved by using novel therapies (e.g., bortezomib, thalidomide). Decision-analytic models (DAM) are known to be very 
useful in guiding clinical and health policy decisions by systematically evaluating expected outcomes of alternative treatments. When 
conducting DAM, it is recommended by National Institute for Clinical Excellence (NICE) as the preferred framework to use quality-
adjusted life years as the main measure for health outcomes derived from generic preference-based instruments.

The objective of our study was to identify and analyze the structural and methodological approaches of published studies that evaluated: 
(1) DAM for various treatment strategies in MM and (2) published health utility values (HUVs) after MM treatment. The searches were 
developed in the electronic literature database PubMed/MEDLINE. Additionally, we aimed to derive real-world data for HUVs from the 
current patients’ treatment landscape in the Hematology Clinical Center in Skopje. The survey collecting national HUVs was conducted 
during the period January-November 2016, using the generic preference-based instrument EQ-5D-5L, administered at one-time point in 
20 MM patients. 

Only five studies reported on using a DAM. Seven studies were included in the extraction of already published HUVs. The calculated 
national health utility score of 0.723 was comparable to the published data in the previously identified studies reporting on similar MM 
treatment protocols. Several modeling approaches and HUVs, developed for different treatment strategies and target groups in MM were 
identified. Those data could be used to parameterize a DAM for MM treatment. 

Keywords:  Health utility value, multiple myeloma, decision-analytic models, utility, EQ-5D-5L

* vjollca.qerimi@umit.at

Introduction

Multiple myeloma (MM) is a hematological neoplastic 
plasma cell disorder characterized by clonal proliferation 

of plasma cells that are malignant in the bone marrow, 
monoclonal protein in the blood or urine and several organ 
dysfunction (anemia, bone disease and renal failure) (Blade 
et al., 1998; Palumbo and Anderson, 2011). Based on the 
published literature, the average age at diagnosis for MM is 
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70 years, where 37% of patients are younger than 65 years, 
and the rest are aged above 65 years (Howlade, Noone and 
Krapcho, 2011; Palumbo and Anderson, 2011). 

When considering the quality-of-life impact and life 
expectancy, the MM is considered as a severe disease 
and there is still no cure. However, in the past decade, 
the survival of MM patients has remarkably increased 
due to the introduction of novel (‘targeted’) therapies, 
such as bortezomib, thalidomide, and lenalidomide. The 
novel therapies have also shown improvements in the 
use of autologous stem cell transplantation (ASCT) and 
supportive therapy (Kumar et al., 2012; Moreau et al., 
2013; Moreau and Touzeau, 2015; Palumbo et al., 2011; 
Palumbo et al., 2014; Stojanoski et al., 2013). Nowadays, 
the newly diagnosed patients expect to live on average for 
5-7 years, with some exceptional cases living longer than 
10 years (Howlade, Noone and Krapcho, 2011).

Additionally, the novel agent based therapies in MM 
resulted in reliable improvements in health outcomes, and 
led to the development of new treatment combinations 
that usually result in different benefits, side effects as 
well as higher costs (Moreau et al., 2013; Palumbo et al., 
2011; Palumbo et al., 2014; Stojanoski et al., 2013). The 
conventional therapeutic combination includes steroids, 
chemotherapy, as well as stem cell transplantation (SCT); 
those resulting in unique profiles when compared with the 
previous standard of care. The treatment combinations are 
cytostatic drugs and steroids (as melphalan, prednisone) 
with one or two novel agents (e.g., bortezomib, thalidomide, 
lenalidomide). However, with the new treatment regimens, 
patients are expected to experience different adverse drug 
events (such as: anemia, thrombocytopenia, neutropenia, 
lymphopenia, neuralgia, neuropathy, pneumonia, 
constipation, diarrhea, fatigue, nausea/vomiting, deep-vein 
thrombosis, etc.) that could lead to higher costs (Blade et 
al., 1998; Moreau et al., 2013; Moreau and Touzeau, 2015; 
Palumbo et al., 2011; Palumbo et al., 2014; Stojanoski et 
al., 2013). 

Decision-analytic modeling studies are known of 
a big assistance in guiding clinical and health policy 
decisions as they systematically evaluate expected 
outcomes of different treatment options that are compared 
by considering benefits and harms at the same time, as 
well as the treatment related costs (Hunink et al., 2001). 
Several mathematical models, with different structural and 
methodological approaches, have been identified in the 
previously published reviews, comparing clinical outcomes 
of different treatment strategies and combinations in MM 
treatment regimens (Rochau et al., 2015). This led to 
different recommendations on what is the best model to use 
in MM that would include all the treatment lines and all the 
morphological and structural aspects towards developing a 
good cost-effectiveness model.

When conducting economic evaluations, National 
Institute for Clinical Excellence (NICE) recommends 
as the preferred framework to use quality-adjusted life 

years (QALYs) as the main measure for health outcomes. 
There are several methods and questionnaires available for 
measuring health or health-related quality of life (HRQoL), 
separated as a generic preference-based instrument 
(EQ-5D, SF-6D, HUI) and non-preference instruments 
(condition-specific, disease specific, clinical indicators of 
disease severity, etc.). Deriving utilities from a generic 
preference-based instrument is the first choice as NICE 
recommends. However, in most cases, clinical trials do 
not include preference-based questionnaires. In cancer-
related research, non-preference based disease-specific 
questionnaires are most frequently used to measure 
HRQoL (Longworth and Rowen, 2013). 

The aim of our literature review is to identify 
different modeling approaches of already published cost-
effectiveness analysis for various treatment strategies 
in MM and to derive health utility values (HUVs) from 
already published clinical relevant studies. Additionally, 
we aimed to give an insight into the real-world data for 
HUVs from the current patients’ treatment landscape in the 
Hematology Clinical Center in Skopje, using the EuroQol 
five dimensions questionnaire (Group, 2014). 

Material and methods

Two independent systematic literature searches (SLSs) 
in the electronic literature database PubMed/MEDLINE 
were performed. The aim of the primary search was to find 
relevant data on decision-analytic modeling studies for 
MM treatment during the period 2000-2015, and the aim of 
the secondary search was to find relevant data on HRQoL 
for MM treatment. Additionally, a one-time EQ-5D-5L 
questionnaire was implemented in the patients treated with 
MM in Macedonia, as described in the following sections.

Systematic literature search  for identifying economic 
evaluations

During November 2015 a SLS was conducted to 
identify already published cost-effectiveness analysis 
that compared different treatment combinations for MM 
patients. The search was done in PubMed/MEDLINE, with 
applying the keywords as in the Appendix A.1. To identify 
the most recent published models, the search was restricted 
on an abstract/title search, humans and full-text filters, 
date of publication (2010-2015), and language (English). 
All studies that reported decision-analytic model for MM 
treatment (possibly for the first line treatment and prior to 
SCT) were published as full texts, in English language, and 
were not older than 2010. Overall, 76 studies were identified 
in the systematic search. After two phases of screening, 
only five studies were included in the full analysis (Fig. 1). 

The extracted characteristics of each model in the 
published studies included in the search were based on 
the Modeling Good Research Practices Guidelines, such 
as the ISPOR-SMDM Modeling Good Research Practices 
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Task Forces 1, 2, 3, 6 and 7 and the Consolidated Health 
Economic Evaluation Reporting Standards (Husereau et 
al.) (Briggs, A. et al., 2012; Caro et al., 2012; Eddy et al., 
2012; Husereau et al., 2013; Roberts et al., 2012; Siebert 
et al., 2012).  

 

Exclusion of duplicates  
n = 0 

Search in PubMed/MEDLINE 
Last update: 2015/10/01 

Hits: n = 76 

           Screening of title and abstract  
            n = 76 

   Full text screening 
             n = 25 

Exclusion n = 51a 

 Inclusion for analysis 
             n = 5 

Exclusion n = 20b 

Fig. 1.  The flow diagram of the systematic literature 
search for published decision-analytic models in 
multiple myeloma (aExcluded studies - did not 
report cost-effectiveness analysis or modeling 
techniques in the abstract/titile; for other diseases 
and not for multiple myeloma treatment; not 
published in English; bExcluded studies - did not 
report cost-effectiveness analysis or modeling 
techniques for multiple myeloma treatment; or 
were not available as full text).

Systematic literature search on health state utility values 
data

Additionally, the second SLS was performed (during 
December 2015 – February 2016), using the electronic 
literature database PubMed/MEDLINE to find relevant 
published data on health state utility values for MM 
treatment. The studies were screened using the following 
inclusion criteria: 1) studies evaluating treatment strategies 
for MM; 2) studies published as a full-text; and 3) studies 
reporting utilities from the EQ-5D questionnaire. In 
the search, the combination of keywords as explained 
in Appendix A.2 was used. Data from each study were 
extracted separately and the utility values they reported as 
well as study references (as far as available). Overall, from 
the literature search for the utility parameter identification, 

459 studies were identified. After two phases of screening, 
only seven studies were included for further extraction and 
analysis (Fig. 2). 

 

Exclusion of duplicates  
n = 7 

Search in PubMed/MEDLINE 
Last update: 12/2015 - 02/2016 

Hits: n = 459 

          Screening of title and abstract  
            n = 452 

  Full text screening 
             n = 50 

Exclusion n = 402a 

Inclusion for analysis 
             n = 7 

Exclusion n = 43b 

Fig. 2.  The flow diagram of the systematic literature 
search on identifying health utility parameters 
from published studies for multiple myeloma 
treatment ( a Excluded studies -  did not include 
an evaluation of a health utility measure for MM 
treatment in the abstract/title; or did not report the 
use of the EQ-5D questionnaire; reported health 
utility parameters for other diseases; were not 
published in English;  b Excluded studies -  did 
not report health utility parameters for multiple 
myeloma; or not available as full text).

Utility assessments from EQ-5D-5L questionnaire 
(macedonian real-world data)

The HRQoL from the real-world Macedonian data was 
assessed using the generic preference-based instrument the 
5-level EQ-5D version (Group) (Appendix B). The EQ-
5D-5L is a standardized, generic HRQoL questionnaire that 
can be converted into a ‘health utility’ score questionnaire 
used to measure health outcomes, particularly in health 
economic evaluations. The EQ-5D-5L consists of two 
pages: the EQ-5D descriptive system and the EQ visual 
analogue scale (VAS). The descriptive system measure 
HRQoL in five dimensions: mobility, self-care, usual 
activities, pain/discomfort and anxiety/depression (Group, 
1990). 

Participants are asked to indicate their current level 
of health by checking one of five boxes for each domain 
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ranging from no problems to extreme or severe problems 
(no problems, slight problems, moderate problems, severe 
problems, and extreme problems). Responses to the five 
domains are used to derive health utilities, which represent 
preferences for different health states and when combined 
with life duration information, enable the calculation of 
QALYs for economic evaluations. Health utility scores can 
be in a range between 1 and 0, where a score of 1 represents 
full health, and 0 represents death.  In addition to the five 
domains, participants also rate their current health on 
a scale of 0 to 100 (100 means ‘The best health you can 
imagine’ and 0 means ‘The worst health you can imagine’) 
on a VAS (Group, 1990).

The survey collecting HUVs was conducted during 
the period January-November 2016 in the Hematological 
Clinical Center in Skopje and was administered at one-time 
point. All patients, with a self-reported diagnosis of MM, 
were eligible for inclusion. The survey was completed by 
20 patients that were hospitalized for MM treatment and 
was self-evaluated. The therapeutic landscape included 
treatment with thalidomide-based and bortezomib-based 
combinations as induction therapy prior to ASCT. To 
convert the HRQoL data from the EQ-5D-5L questionnaire 
into a ‘health utility’ value, standardized EQ-5D-5L Index 
Value Calculator was used, developed by the EuroQol 
Group (Version 1), calculated with the Spain EQ-5D-5L 
Value Set. As Macedonia was not in the list of countries 
available within the index value calculator (Denmark, 
Spain, France, Germany Japan, Netherland, Thailand, UK, 
US and Zimbabwe), and there are no specific requirements 
or preferences in regard to the methodology for vauing 
the general population value sets in decision makaing 
for Macedonia, it was assumed that from countries with 
available value set the Spain as a mediteranian country 
has most closely approximate population characteristics of 
Macedonia. 

Results

Decision-analytic models identified

From the identified studies, several decision-analytic 
model types were used to answer the decision problem 
addressed in the relevant study. An overview of the 
extracted data is shown in Table 1 and Table 2.

In the review, only one study used a decision tree in 
order to model the research question (Pandya et al., 2014). 
Pandya et al. applied a decision tree to compare early 
ASCT vs. delayed ASCT strategies in MM to estimate 
the cost-effectiveness relation between the two strategies. 
This analysis evaluated early vs. delayed ASCT, without 
incorporating the maintenance therapy in either in the 
earlier or delayed group (Pandya et al., 2014). The authors 
did not report the reason for choosing the decision tree as 
most appropriate for their problem; one can assume that 
the relatively short time horizon starting from early ASTC 

(performed within 12 months of diagnosis) and delayed 
group (patients who had ASCT performed any time after 
12 months of diagnosis) was the reason for choosing the 
framework of the decision tree model . The decision tree 
is known as a “schematic of all the essential components 
of a decision problem, including the possible pathways, 
the consequences, and their respective probabilities” 
(Hunink et al., 2001). Even though decision trees can be 
developed easy, structured and also modified without too 
many efforts, they can have several limitations when used 
for longer time horizons; as defined based on the ISPOR-
SMDM Task Forces: “they are most suitable when the 
outcome set is small and defined, the time horizon is short, 
or when the consequences of a decision are known with 
some certainty“ (Roberts et al., 2012). 

For many diseases, such as chronic diseases (as MM), 
where the disease itself can change over time, progress, 
relapse or even show no event, it is very difficult to model 
and include all the events that change over time. In those 
cases, the model parameters can change over time and 
it is important to consider the time to change events and 
the possibility of a recurrence of an event as well as the 
transition from one state to another. To model those events, 
the researchers in the field of decision-analytic modeling 
have explored and developed Markov models. Markov 
model was developed in only one study (Garrison et al., 
2013). In the Garrison et al. study, in which previously 
untreated transplant ineligible MM patients were included, 
the model was used to determine the most cost-effective 
combination as a first-line therapy, bortezomib, prednisone 
or lenalidomide. The model was constructed considering 
seven health states for MM, such as: response status, 
treatment-free/maintenance treatment, progressive disease, 
and death (Garrison et al., 2013). However, to estimate 
health outcomes in a cost-effectiveness study while using 
Markov model could also add more complexity to the 
framework, thus may be the reason why it is rarely used 
(Hunink et al., 2001).

Blommstein et al. used a patient-level simulation 
(PLS) model to model the cost-effectiveness of melphalan–
prednisone (MP), thalidomide-based, bortezomib-based, 
lenalidomide-based and other treatments in elderly (≥66 
years) patients with MM (Blommestein et al., 2016). PLS 
model is a model based on the discrete event simulation 
models that focus on patients individual characteristics and 
events while memorizing the treatment history and patient 
characteristics over time (Caro, 2005). Those models are 
“characterized by the ability to represent interactions 
between individuals, populations, and their environments”, 
where the model simulations can move forward in time 
from one event to the next one (Karnon et al., 2012).

In the actual review, two studies used survival 
partitioned models (SPMs) (Cooper et al., 2014; Picot et 
al., 2011).  In those models, the model is used to follow 
a theoretical cohort through time as they move between 
a set of exhaustive and mutually exclusive health states. 
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These types of models are frequently used to model cancer 
treatments, with separate survival equations for overall 
survival and progression-free survival. Common functions 
used to describe survival are exponential, Weibull or 
Gaussian (amongst others). Picot et al. used an SPMs 
to estimate the mean difference in overall survival and 
progression-free survival between the interventions and to 
calculate the time spent in three health states: treatment, 
post-treatment and progression (Picot et al., 2011).

Time horizons: The time horizon of the model 
“should be long enough to capture important and relevant 
differences in outcomes between the strategies”, based 
on the guidelines for good practice in decision-analytic 
modeling (Hunink et al., 2001; Roberts et al., 2012; 
Weinstein et al., 2003). Additionally, when the long-term 
effectiveness data are missing, one can consider using 

decision-analytic modeling in order to assist decision 
makers (Hunink et al., 2001). In the identified studies, the 
time horizon ranged between 20 years and a lifetime, while 
one analysis did not explicitly report the time horizon used 
(Pandya et al., 2014). 

Cost–effectiveness analysis (CEA): The main aim of 
using CEA is to assist decision-making or contributing in 
a policy discussion for resource allocation by providing 
information concerning the relative worth of an interven-
tion per unit of cost in a limited budget (Hunink, 2001). 
To compare one treatment strategy with the next strategy 
that has higher efficiency and lower costs, the incremen-
tal cost–effectiveness ratios (ICER) or incremental cost–
utility ratio (ICUR) are calculated (Weinstein et al., 2003; 
Weinstein and Stason, 1977). Not always the strategy with 
the lowest ICER is the most cost-effective strategy, as de-

Table 1. Overview of methodological characteristics and results of the published decision-analytic models identified

Reference, 
country

Economic 
evaluation Perspective

Health 
outcomes 
evaluated

Model 
validation

Sensitivity 
analysis

Modelling 
approach

Evaluated 
time 
horizon

Treatment

Blommstein 
et al. 2015, 
Netherlands

CEA, CUA Societal 
perspective 

Median and 
average 
overall 
survival;                      
QALYs

Internal 
validity; 
Discussion: 
Overlapping 
survival 
curves.

PSA
Patient-level 
simulation 
(PLS) model

Lifetime

MP, T, BorD, 
R and others. 
Combinations 
(most 
prescribed): 
MP-T-Bor, MP-
T-R, T-Bor-R 
and T-R-Bor

Cooper et al. 
2014, UK CEA, CUA

NHS and 
Personal 
Social 
Service 
perspective 

Duration in 
the healthy 
states, 
QALYs, 

Validation 
reporteda

DSA 
PSA

Survival 
analysis 
approach 
and partition 
survival 
analysis

Lifetime
MPT, Bor-MP, 
and  CP-T - 
Dexa vs. MP

Picot et al. 
2011, UK CEA, CUA

NHS and 
Personal 
Social 
Service 
perspective

Duration in 
the healthy 
states, 
QALYs, 

Validation 
reporteda

DSA 
PSA

Survival 
analysis 
approach 
and partition 
survival 
analysis

30 years 
MPT, Bor-MP, 
and  CP-T - 
Dexa vs. MP

Garrison et al. 
2013, USA CEA, CUA U.S. payer’s 

perspective LYs, QALYs

No formal 
model 
validation 
reportedb

DSA
PSA

Markov cohort 
model 
1-month cycle 
length

20 years BorMP vs. TMP 
vs. RMP – Rc

Pandya et al. 
2014, USA CUA

US third 
party payer 
perspective

QALYs

No formal 
model 
validation 
reported

One- and 
two-way SA Decision tree n.a.

Early vs. 
delayed 
stem cell 
transplantation

CEA – cost-effectiveness analysis; CUA – cost-utility analysis; PSA – probabilistic sensitivity analysis; DSA – deterministic sensitivity analysis; MP – 
melphalan-prednisone; T – thalidomide; Bor – bortezomib; R – lenalidomide; NHS – National Health Service; QALYs – quality-adjusted life years; LY – 
life years; SA - sensitivity analysis; n.a. – not available; n.r. – not reported.
aValidated by checking the model structure, calculations and data inputs for technical correctness; bReported comparison with other cost estimates; cWith 
continuous lenalidomide maintenance treatment
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cision-making authorities may want to spend more costs 
to gain a certain health benefit. To that point, the ratios are 
compared to a country-specific defined threshold, to deter-
mine the most cost-effective strategy (i.e. strategy with the 
ICER that is closest to the threshold defined that is not go-
ing over the defined limit is considered cost-effective). As 
defined by NICE, the threshold “represents the additional 
cost that has to be imposed on the system to gain 1 QALY 
worth of health through displacement” or a willingness-to-
pay value for an additional gain in QALY (Siebert, 2003; 
Weinstein et al., 2003; Weinstein and Stason, 1977). An-
other important concept in conducting CEA is discounting 
where future costs are converted to their present value, as 
“in general, individuals and society have a positive rate of 
time preference for consumption now over consumption in 
the future” (Hunink et al., 2001; Siebert, 2003). The value 
of the discount rate is usually defined by national agencies 
that conduct economic evaluation guidelines for a specif-
ic country. In the actual review, one study compared ear-
ly or delayed ASCT administration and reported that early 
ASCT cohort had a benefit of 1.96 QALYs (0.23 QALYs 
more than delayed ASCT), implying that early ASCT is the 
preferred (dominant) strategy over delayed ASCT, taking 
in consideration that the costs are also lower ($249,236 and 
$262,610, respectively ). Two additional studies evaluated 
melphalan-prednisone-thalidomide (MPT), bortezomib-

melphalan-prednisone (BorMP), and cyclophosphamide-
thalidomide-dexamethasone (CTP) vs. melphalan-predni-
sone (MP) (Cooper et al., 2014; Picot et al., 2011). Picot 
et al. reported that MPT represents a cost-effective use of 
the resources compared with MP as a first-line therapy for 
people with MM (not eligible for high-dose therapy and/or 
are aged over 65 years). However, when comparing MPT 
and BorMP, it was stated that there was a negligible clin-
ical benefit from BorMP at an additional cost that result-
ed in the ICERs exceeding £300,000 per QALYs (Picot et 
al., 2011). Cooper et al. reported for BorMP vs. MPT an es-
timated ICER of EUR 14,288 (model for Janssen-Cilag), 
and EUR 364,614 (model for Celgene) per QALYs gained 
(Cooper et al., 2014). Additionally, Garrison et al. report-
ed that bortezomib-melphalan-thalidomide combination is 
cost-effective compared with MP, MPT, and melphalan-
prednisone-lenalidomide, with lenalidomide maintenance 
(Garrison et al., 2013).

Sensitivity analyses: Usually all parameters used to 
populate a decision-analytic model are not the “perfect” 
values found in the “perfect” world and decision makers 
should always consider the impact of the uncertainty on the 
results. Thus, it is recommendable, sensitivity analyses to 
be performed (Briggs, A.H. et al., 2012). Studies included 
in the actual review reported sensitivity analyses, including 
deterministic or/and probabilistic sensitivity analyses. 

Table 2. (Continued from Table 1) Overview of methodological characteristics and results of the published decision-analytic 
models identified

Reference,  
country Targeted population Health states Currency, 

index year
Annual 

discount rate
Cost-effectiveness/ utility 

relation

Blommstein 
et al. 2015, 
Netherlands

phase: patients who 
received treatment for MM, 
nontransplant eligible; age base 
case: ≥ 66 yrs

n.a. EU €, 
2014

Benefit: 1.5 
% and costs: 
4%

ICUR discounted: 
T-R-V €34,875/QALY;                                                 
ICER discounted: T-R-V 
€24,618/LY

Cooper et al. 
2014, UK

phase: newly diagnosed patients 
with MM ineligible for HDT-
SCT; age base case:  n.r.

Pre-progression without AEs, 
pre-progression with AEs,                                         
Post progression,                                                
Death               

EUR €, 
estimated 
2009

Benefit and 
costs: 3.5 %

 ICUR discounted: MP vs. 
MPT: 
€ 10,962/QALY; MP vs. VMP: 
€ 35,8784/QALY

Picot et al. 
2011, UK

phase: newly diagnosed patients 
with MM ineligible for HDT-
SCT; age base case:  n.r.

Pre-progression without AEs,                                                                
Preprogression with AEs,                                         
Post progression,                                               
Death

UK £, 
estimated 
2009

Benefit and 
costs: 3.5 %

 ICUR discounted: MP vs. 
MPT: 
£ 9,135/QALY; 
MP vs. VMP: £ 29,820/QALY; 
MP vs. CTDa: £ 33,031/ QALY

Garrison et 
al. 2013, USA

phase: previously untreated 
transplant ineligible MM 
patients; age base case: 70 yrs

Stable disease/
minimal response,                                  
Partial response, 
Complete response,                 
Treatment-free interval 
for VMP and MPT or 
MPR, Progressive disease,              
Second-line therapy,  Death

US $,  
2012

Benefit and 
costs: 3%

ICER discounted: VMP vs. MP: 
$ 42,169/LY; 
ICUR discounted: VMP vs. MP:
 $ 59,076/ QALY; 
VMP vs. MPT: VMP cost 
saving;                   VMP vs. 
MPR-R: VMP cost saving

Pandya et al. 
2014, USA

phase: newly diagnosed 
patients with MM, treated with 
immunomodulatory drugs
from 2001 to 2008; 
age-base case:  n.r.

Survive, Refractory, 
Response, Complete 
Remission,  Partial 
Remission,  No relapse, 
Relapse, Die 

US $ 2012
Costs and 
outcomes: 
0-7%

n.r.
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Health utility data identified 
Utility values available in the identified literature 

in the actual SLS are summarized in Table 3. Only four 
studies give a real-world data from the surveys reported 
(Acaster et al., 2013; Blommestein et al., 2016; Delforge 
et al., 2015; Uyl-de Groot et al., 2005). The other three 
studies used data published before or calculated data 
(explicitly details explained in the legend of Table 3). The 
utility values differ based on the treatment strategy, as well 
as the follow-up period or baseline assessment. 

Van Agathoven et al. reported utility values in a range 
between 0.62 - 0.81 for the period of 6, 12, 18 and 24 
months of intensive chemotherapy only (with vincristine-
adriamycin-dexamethasone remission-induction chemo-
therapy) and separately with myeloablative chemothera-
py and ASCT (van Agthoven et al., 2004). Additionally, 
Hornberger et al. reported utility of 0.81 prior to relapse 
with treatment strategies, including bortezomib, lenalido-
mide-dexamethasone, and dexamethasone alone and 0.645 
utility value after relapse (Hornberger et al., 2010). Blom-

mestein et al. reported an average utility value of 0.76 for 
the combinations as MP, thalidomide-based, bortezomib-
based, and lenalidomide-based (Blommestein et al., 2015). 
Delforge et al., as a baseline analysis, reported utility of 0.5 
for lenalidomide-dexamethasone and MPT combinations, 
with an increase of the utility value in a range of 0.6 - 0.65 
after a follow-up of 18 months (Delforge et al., 2015). 

Utility estimations 

From 25 patients, evaluations only from 20 patients 
were received. Their evaluations and the data reported 
from the EQ-5D-5L profiles are summarized in Table 4. 
One can observe that the health of some patients evaluated 
is with very low utility value, near to 0. In those cases, one 
can assume that the patients were evaluated after the SCT 
or after treatment for the adverse events of the high dose 
chemotherapy. The average utility calculated was 0.723 for 
combination treatments, bortezomib- and/or thalidomide-
based. 

Table 3. Overview of health utility data identified from the published literature

Reference Treatment Follow-up period Additional references Utility value

Pandya et al., 2014 Early and delayed ASCT 12 – 30 months (Segeren et al., 2003; van 
Agthoven et al., 2004) 0.7a

Acaster et al., 2013
First-line treatment

n.r. /
0.63

Second-line treatment 0.67
Later stage 0.63

Uyl-de Groot et al., 2005
VAD/VAMP Baseline (2 weeks)

/
0.52

Hospital discharge following PSCT 12 months 0.69
Hospital discharge following PSCT 6 months 0.64

Hornberger et al., 2010 Bor, RD, and 
D alone

After relapse (Gulbrandsen et al., 2001; 
Mujica-Mota, Bagust and 
Haycox, 2004; Nord et al., 
1997; van Agthoven et al., 
2004)

0.645

Prior to relapse 0.81

Blommestein et al., 2015 MP, T-based, Bor-based, R-based; and 
other treatments 50 months / 0.76b

van Agathoven et al., 2004

Intensive chemotherapy only (VAD 
remission-induction chemotherapy)

6 months

(Segeren et al., 2003)

0.81
0.65

12 months
0.8
0.62

Myeloablative chemotherapy and 
autologous stem-cell transplantation

18 months
0.81
0.69

24 months
0.77
0.75

Delforge et al., 2015
RD Baseline

/
0.5c

MPT 18 months 0.6-0.65
VAD – vincristine, adriamycin, dexamethasone;  VAMP - vincristine, adriamycin and methylprednisone; ASCT – autologous stem cell transplantation; PST 
– peripheral stem cell transplantation; T – thalidomide, TD – thalidomide, dexamethasone; Bor – bortezomib, RD – lenalidomide, dexamethasone; MP – 
melphalan, prednisone; MPT – melphalan, prednisone, thalidomide; n.r.- not reported
aTo the value of 0.8 (‘general utility value’), a correction factor of -19.5% should be applied, for patients who were in an undefined state following 
intentionally curative primary therapy
b Average utility value 
c All values mean
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Table 4. An overview of the real-world health utility data 
from Hematological Clinical Center in Skopje 

EQ-5D-5L profile EQ-5D-5L index value
11111 1.000
11111 1.000
32312 0.638
11111 1.000
11112 0.932
44444 0.049
11413 0.707
11111 1.000
21213 0.770
21123 0.756
44454 0.096
12324 0.477
11112 0.932
12213 0.746
11112 0.932

Utility calculated 
(average value) 0.723

Discussion

In the actual review for identifying decision-analytic 
modeling studies that compare different MM treatment 
combinations, different studies were identified, using 
different mathematical models. In part of them only, the 
choice for the respective model was explicitly explained. 
Two studies applied SPMs. Based on the summarized 
data, one can assume that is the best to develop  a model 
that combines different novel agent combinations in MM 
treatment in different health states. Regarding the literature 
guidance and the nature of the disease, the modelers should 
take care to develop such a mathematical model that 
could get in more relation with the nature of the disease. 
Additionally, the model should be created in a way that 
could be transferable to another data set or country specific 
data and meet the criteria of Good Modeling Research 
Practices Guidelines, such as the ISPOR-SMDM Modeling 
Good Research Practices Task Forces 1, 2, 3, 6 and 7 and 
the Consolidated Health Economic Evaluation Reporting 
Standards (Husereau et al.) (Briggs, A. et al., 2012; Caro et 
al., 2012; Eddy et al., 2012; Husereau et al., 2013; Roberts 
et al., 2012; Siebert et al., 2012).

In this review, the mostly used time horizon was 
identified, being 20 years to lifetime. A lifelong time 
horizon is found to be the most appropriate for modeling 
outcomes of cancer diseases, as it captures QALYs gained 

from prevented or delayed death as well as all health-
related events during the lifetime period until death. 

Regarding the identified utility data from the SLS, only 
five studies reported utility values relevant to our search 
criteria. Different national health technology agencies 
have different standards in choosing the appropriate 
patient-outcome instrument (e.g., VAS, interview, generic 
preference-based) to measure the health outcomes and 
transfer them to HUVs. 

The average utility value calculated from the real-
world data from Macedonia (0.723) for the treatment 
combinations of thalidomide and/or bortezomib is 
comparable with the utility value reported in Blommestein 
et al., with average utility value of 0.76 for the combinations 
based on thalidomide and/or bortezomib evaluated in 
Netherlands (Blommestein et al., 2016).  Those values are 
slightly different with the results reported from Hornberger 
et al. and Delforge et al. that report utility value for the 
same treatment based combinations (Hornberger et al., 
2010; Delforge et al., 2015). The difference in the utility 
values is less than 0.1 HUV. One can assume that these 
differences result from the different populations as well as 
follow-up periods. 

The actual research has several limitations. Articles 
that were not published in English are not included. The 
literature search was limited only to published full-text 
studies in only one database. Therefore, there is possibility 
some publications of decision-analytic models or HUVs 
that meet the selection criteria to be missed, if published in 
different databases, different languages or only as abstracts.

Conclusion 

From the primary literature search some of the most 
frequent modeling techniques (decision tree, Markov 
model, SPMs), used in treating specific target groups with 
MM, were identified. The identified studies were published 
between 2000 and 2015, documenting different treatment 
strategies in MM. Based on the research, one can observe 
that different modeling studies that measure treatment 
effects and costs of MM are available; emphasizing the 
importance of decision-analytic modeling in assisting 
health policy decision making when considering treatment 
of MM patients. For further development in the decision-
analytic modeling, a modeling approach should be more 
based on the international guidelines for reporting decision-
analytic modeling and their evaluation. This would 
further lead to quality improvement and higher impact 
of developing models for decision making. Using those 
economic evaluations in valuing health care interventions 
would further improve the involvement of decision-analytic 
techniques when making decisions in the Macedonian 
health care system. Additionally, an overview of HUVs 
for different treatment combinations gives an insight of the 
role of valuing health effects using the generic preference-
based instruments during the clinical practice. The survey 
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conducted in Macedonia, evaluating the HUV of patients 
treated with bortezomib and/or thalidomide combinations 
and its comparison with the published literature values 
shows that there should be organized self-evaluation 
surveys in the University clinical center in Skopje during 
the daily care in different follow-up periods, where patients 
will be able to assess their health conditions after a specific 
treatment; thus, helping in collecting the needed evidence 
for conducting in the future a relevant cost-effectiveness 
model for treatment strategies in cancer diseases in general 
or in MM patients, more specifically. 
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 Appendix A

A.1  Keywords applied: 

(myelom* OR multiple myeloma OR myelomatosis 
OR plasma cell myeloma OR kahler* disease) AND 
(decision anal* OR cost utility* OR cost benefit* OR 
cost mini* OR QALY OR quality adjusted life year* 
OR quality-adjusted life year* OR Markov OR Markov 
model* OR cost effectiveness* OR cost-effectiveness* OR 
decision model* OR decision tree*). 

Mesh terms: multiple myeloma, decision support 
techniques, cost benefit analysis, quality adjusted life 
years, Markov chain, decision tree.

A.2  Keywords applied:

(myelom* OR multiple myeloma OR myelomatosis 
OR plasma cell myeloma OR kahler* disease) AND 
(utilit* OR “quality of life” OR QoL OR “quality adjusted 
life-years” OR “quality adjusted life years” OR “quality-
adjusted life years” OR QALY* OR HRQoL OR EuroQoL-
5d OR EQ-5D).
MeSH terms: multiple myeloma, quality of life, quality-
adjusted life years.

2 
 

UK (English) © 2009 EuroQol Group EQ-5D™ is a trade mark of the EuroQol Group 

Under each heading, please tick the ONE box that best describes your health TODAY. 

MOBILITY  
I have no problems in walking about � 
I have slight problems in walking about � 
I have moderate problems in walking about � 
I have severe problems in walking about � 
I am unable to walk about � 
SELF-CARE  
I have no problems washing or dressing myself � 
I have slight problems washing or dressing myself � 
I have moderate problems washing or dressing myself � 
I have severe problems washing or dressing myself � 
I am unable to wash or dress myself � 
USUAL ACTIVITIES (e.g. work, study, housework, family or leisure 
activities)  
I have no problems doing my usual activities � 
I have slight problems doing my usual activities � 
I have moderate problems doing my usual activities � 
I have severe problems doing my usual activities � 
I am unable to do my usual activities � 
PAIN / DISCOMFORT  
I have no pain or discomfort � 
I have slight pain or discomfort � 
I have moderate pain or discomfort � 
I have severe pain or discomfort � 
I have extreme pain or discomfort � 
ANXIETY / DEPRESSION  
I am not anxious or depressed � 
I am slightly anxious or depressed � 
I am moderately anxious or depressed � 
I am severely anxious or depressed � 
I am extremely anxious or depressed � 
  

3 
 

UK (English) © 2009 EuroQol Group EQ-5D™ is a trade mark of the EuroQol Group 

The worst health 
you can imagine 

 
 
 
 
 

 We would like to know how good or bad your health is TODAY. 

 This scale is numbered from 0 to 100. 

 100 means the best health you can imagine. 
0 means the worst health you can imagine. 

 Mark an X on the scale to indicate how your health is TODAY. 

 Now, please write the number you marked on the scale in the box 
below. 

 
  

The best health 
you can imagine 

YOUR HEALTH TODAY = 
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Appendix B

Здравствен прашалник EQ-5D-5L - Верзија на 
македонски јазик за Република Македонија

(Version in Macedonian for Macedonia) 
Macedonia (Macedonian) © 2012 EuroQol Group 

EQ-5D™ is a trademark of the EuroQol Group
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Резиме

Преглед на анализи за трошок – ефективност, вредности на 
здравствена корисност кај Мултипла Миелома и проценка 
на здравствена корисност базирана на реални-податоци во 

Македонија

Вјолца Ќерими1,2,, Александра Капедановска-Несторовска1, Зоран Стерјев1,  
Соња Генадиева-Ставриќ3,  Љубица Шутуркова1

1Фармацевтски Факултет, Универзитет „Св. Кирил и Методиј“,  
Мајка Тереза 47, 1000 Скопје, Македонија;

2Institute of Public Health, Medical Decision Making and Health Technology Assessment, Department of Public Health,  
Health Services Research and Health Technology Assessment, UMIT-University for Health Sciences,  

Medical Informatics and Technology, Eduard-Wallnöfer-Zentrum 1, 6060 Hall i.T., Austria;
3Медицински факултет, Универзитетска Клиника за Хематологија, Мајка Тереза 47, 1000 Скопје, Македонија

Клучни зборови:  моделирање на анализа на одлуки, вредност на здравствената корисност, мултипен миелом, 
корисност, EQ-5D-5L

Мултипен миелом (ММ) претставува хематолошко неопластично нарушување на плазматските клетки во 
коскената срцевина. Денес, преживувањето на пациентите со ММ е подобрено со користењето на нови терапии 
(пр. бортезомиб, талидомид). Аналитичките модели за одлучување (АМО) се многу корисни во донесувањето на 
одлуки во клиничката пракса и здравствената политика, со систематско оценување на очекуваните резултати од 
алтернативните третмани. При спроведување на АМО, Националниот институт за клиничка евалуација (Institute 
for Clinical Excellence, NICE) препорачува како најпосакувана рамка да се користат податоците за години на живот 
коригирани во однос на квалитетот како главна мерка за вреднување на здравствената состојба, кои се добиваат со 
користење на генерички инструменти.

Цел на актуелната студија е да се идентификуваат и анализираат структурните и методолошките пристапи на веќе 
објавени студии кои евалуираат: АМО за различни стратегии за третман на ММ и објавени вредности на здравствена 
корист (ВЗК) после третманот на ММ. Пребарувањата беа развиени во базата на податоци за електронска литература 
PubMed/MEDLINE. Податоците за ВЗК од тековниот третман на пациенти со ММ во Република Македонија беа 
добиени од Клиниката за хематологија во Скопје. Во периодот јануари-ноември 2016 година беше спроведена анкета 
со која беа собирани национални податоци за ВЗК, користејќи го генеричкиот инструмент EQ-5D-5L, применет на 
20 ММ пациенти.

Од идентификуваните студии, само пет користеле АМО. Седум студии беа вклучени во извлекувањето на веќе 
објавените ВЗК. Пресметаната национална здравствена корист беше 0,723; споредлива со објавените податоци во 
претходно идентификуваните студии за слични протоколи за третман на ММ.

Во актуелната студија беа идентификувани неколку пристапи за моделирање и ВЗК, развиени за различни 
стратегии за третман и целни групи во ММ. Овие податоци може да се користат за параметризација на АМО за 
третман на ММ.
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Abstract

Multivariate statistical approaches have been increasingly applied in hemorrhagic stroke data analysis. Nevertheless, several aspects 
regarding their relevance and validity in respect of the application of data transformations have not been studied in details. This paper ex-
amines the effects of different data transformations in the standard statistical methods of the multivariate analysis of the intracerebral hem-
orrhage (ICH) parameters in small group samples. Two different methods for data transformations (log transformation (log(Xi)), square 
root transformation (√Xi))have been carried out. The initial volume of the ICH have been studied using several test for skewness, kurto-
sis, histogram distribution method and different quartile-quartile (Q-Q) and probability-probability (P-P) plots  as criteria for normal dis-
tribution. Multivariate analyses for the prediction of the perifocal edema was performed using raw and transformed data. Our results indi-
cate that the data transformation operations should be performed very carefully because different analytical outputs lead to different sci-
entific conclusions.
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Q-Qplot - quartile-quartile plot; P-Pplot - probability-probabili-
ty plot.

Introduction

The intracerebral hemorrhage (ICH) is the deadliest 
form of stroke worldwide and the leading cause of morbid-
ity and mortality in the developed countries. The age-stan-
dardized annual mortality rates (per 100,000) of hemor-
rhagic stroke has continued to increase (Favate and Young-
er, 2016; Feigin and Krishnamurthi, 2011).

Multivariate statistical approaches have been widely 
used for ICH analysis long years now aiming to get new in-
sights in the physiological and biochemical assessments of 
the stroke. When it comes to ICH, an important character-
istic of the statistical data set is that the different variables 
measured in the same patient are often interrelated or trig-
gered one by another (Brunswick et al., 2012; Castillo et 
al., 2002; Yan et al., 2016). The usage of statistical meth-
ods which assume independence among the variables is 
frequently not correct and therefore other methodological 
approaches should be used which take into account the fact 
that the observed variables are interrelated and they may 
depict a common pathological mechanism. Simple univar-
iate statistical methods would not be able to describe these 
interactions and multivariate statistical methods are there-
fore needed. 

A data transformation is usually the first step which 
is undertaken before performing the multivariate analysis 
for variety of reasons (ensuring data normality, changing 
the weights of different variables etc);several different ap-
proaches have been proposed for this purpose and some of 
them are commonly used.In the classical statistical exami-
nation, the log transformation is a frequently used method to 
analyze skewed data and it is one of the most popular trans-
formations used in biomedical research (Feng et al., 2013). 

In this paper, several important clinical predictors in 
patients with ICH have been analyzed and their descrip-
tive, bivariate and multivariate correlations are used in the 
statistical analysis using binary, categorical variables (age, 
gender, diabetes mellitus, anatomic localization of the ICH, 
etc).Different approaches for data transformation of the 
continuous variables(log transformation, square root trans-
formation) were performed. The initial volume of ICH at 
admission was analyzed by interpretation of the skewness, 
kurtosis, the histogram distribution and the generated quar-
tile-quartile (Q-Q) and probability-probability (P-P) plots 
as methods for examination of normal distribution (Feng 
et al., 2014; Field, 2009). In addition, multivariate analyt-
ical output with transformed and observed data were con-
ducted.The overall aim of the present study was evaluation 
of the effects of data transformation on the reliability of 
the results in small data sets from patients with ICH by im-

plementation of comprehensive approach in data analysis.

Methods

A data set of 50 patients with primary, spontaneous, 
supratentorial ICH recruited from the University clinics 
of Neurosurgery and Neurology in Skopje (Macedonia) 
was generated. The information concerning their gender, 
age, anatomic localization of ICH, blood pressure, blood 
glucose levels, Diabetes mellitus, Canadian Stroke Scale 
(CSS) scores at admission, initial volume of the ICH and 
the volume of the peripheral edema five days after ICH 
were included in the set. The statistical analyses were per-
formed using the statistical software IBM SPSS Statis-
tics22 and Statistica7 (StatSoft©). 

The first assumption was that the variables are more or 
less normally distributed or that the variances are homoge-
nous. Several tests for skewness, kurtosis, histogram distri-
bution method and different Q-Q and P-P plots were gen-
erated as criteria for normal distribution (DeCarlo, 1997). 
Most of the parameters have shown absence of normali-
ty of the distribution and two different popular methods 
for data transformation such as log transformation (log(Xi)) 
and square root transformation (√Xi) were carried out 
(Bland and Altman, 1996; Box and Cox, 1982).  

Results

Data transformations and normal distribution evaluation

The Shapiro Wilk’s test have confirmed that the dis-
tribution of the values of the initial volume of ICH at ad-
mission differed highly significantly from normality (p = 
0.0002). After log and square root (√Xi) transformation, 
the p values of the performed test have increased, but nev-
ertheless, still confirming absence of normality of the dis-
tribution (p = 0.025 and p = 0.042 respectively). The un-
transformed (raw) data was characterized as highly posi-
tive skewed and slightly kurtotic, resulting in an asymmet-
ric distribution with long tail of the probability density on 

Table 1. Skewness and kurtosis coefficients for the initial 
volume of ICH at admission

Initial volume of ICH at admission (cm3)
transformation Xi

* log(Xi)
** √Xi

***

skewness 1.030 -0.470 0.303
kurtosis 0.545 -0.770 -0.905

ICH - intracerebral hemorrhage; 
*Xi - numerical value of the corresponding concentration in appropriate 
units; 
**log(Xi) – values gained after logarithmic transformation of the data; 
***√Xi – values gained after square root transformation of the data
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Fig. 1.  Normality tests.a. untransformed data (histogram, P-P and Q-Q diagram, respectively). b. log-transformed data (histo-
gram, P-P and Q-Q diagram, respectively). c. square root transformed data (histogram, P-P and Q-Q diagram, respec-
tively).ICH - intracerebral hemorrhage; Q-Q plot - quartile-quartile plot; P-P plot - probability-probability plot; sqrt 
– square root transformation.

the right side.The logarithmic transformation has reduced 
the positive skewness, but resulting with slightly negative 
skewness of the distribution, whereas the √Xitransforma-
tion has given better results. Nevertheless, both of these 
transformations have induced an increase of the kurto-
sis towards higher negative values resulting with slightly 
platykurtic distribution of the data. The results of the skew-
ness and kurtosis coefficients of the transformed and un-
transformed data, as well as the tests for normal distribu-
tion examination are represented on Table 1 and Figure 1, 
respectively. 

Multivariate statistical analysis

The results using three different models (using raw 
data, log transformed data and square root transformed 
data of the variables) for the prediction of the volume of 
the perifocal edema (five days after ICH) are represented 
on Table 2. 

As it can be noted, the β coefficients and p values for 
the results of these different multivariate statistical models 
are approximately similar. All of these three modes have 
disclosed that the initial volume of ICH at admission is the 
only significant predictor for the development of the ede-
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ma five days after ICH. However, the weight of the β coef-
ficients is different; for instance, when log transformation 
of the data is used, the influence of the initial volume of the 
hematoma towards the formation of the edema seems high-
er when compared to the other models.

Discussion

Ideally, the performance of different type of data trans-
formation in the statistical analyses should be evaluated 
quantitatively and objectively under the defined circum-
stances. Unfortunately, an absolute criterion does not exist 
and it is difficult to estimate whether the proposed method 
is suitable for our defined scientific purpose.

Despite the usual belief that the data transformation 
(especially log transformation) can decrease the variabili-
ty of the data and make data conform more closely to the 
normal distribution, this is usually not the case.  In our 
study, we have shown that two different data transforma-
tion methods did not result in obtaining normal distribu-
tion. The transformations have reduced the skewness and 
the asymmetric probability of the frequencies, but they 
have resulted in negative kurtosis and have provoked a 
shift from meso- to platykurtic distribution of the data. The 
histograms, Q-Q and P-P plots with transformed data have 
also shown that some transformations can change the type 
of the distributions and the skewness (see Fig. 1). These re-
sults suggest that data transformation is often usefulfor pa-
rameters which have positive skewness, where the approx-
imation to a normal distribution can be greatly improved.

The multivariate analyses from the three models have 
given similar results but, the strength of the β coefficients 
was different. This can lead to different regression equa-

tions and different interpretation of the results. Highest 
β coefficients were obtained for the log transformed data 
but, our previous analyses have shown that the √Xitrans-
formation results in a better approximation to normality, 
which suggests that these β coefficients, although lower, 
are closer to the scientific reality. It seems that it is impor-
tant to bear in mind that the transformation of the data can 
affectthe final estimate(the regression equations form, their 
characteristics, β coefficients,p values discrepancy from 
normal distribution etc) as well as the range across the vari-
ables and the variance inflation factor (VIF) or, they can re-
duce the effect of the outliers. The final analytical statisti-
cal output can therefore lead to another specific output; in 
all, before analyzing the data, it seems important to study 
the structure of the data set because most statistical meth-
ods can only give the acceptable answer if the data has the 
suitable characteristic for the chosen method.

Conclusion

Regardless of the usual belief that the different data 
transformations(especially log transformation) can de-
crease the variability of data and make data match more 
closely to the normal distribution, this is usually not the 
case. The data transformation operations should be per-
formed very carefully using different statistical models, es-
pecially in the case when the most common transforma-
tions are performed.In addition, similar multivariate ana-
lytical outputs with transformed data were obtained and 
cross validation studies are needed to define the limits to 
which extent the transformation model would be accept-
able for interpretation of the results.

Table 2. Results from different statistical models with observed and transformed variables (results are obtained by multiple 
linear regressions with stepwise method)

Parameter
Model 1* Model 2** Model 3***

β p value β p value β p value

Gender 0.129 0.284 0.079 0.410 0.112 0.292
Age -0.169 0.152 -0.057 0.540 -0.124 0.234
Anatomic localization of ICH 0.062 0.612 -0.001 0.996 0.044 0.673
CSS score at admission -0.220 0.090 -0.063 0.543 -0.146 0.212
Initial volume of ICH at admission (cm3) 0.597 0.00001 0.794 7.17×10-17 0.699 1.6×10-8

Glucose (mmol/L) -0.160 0.203 -0.071 0.454 -0.112 0.296
Diabetes mellitus -0.157 0.192 -0.048 0.610 -0.102 0.333
Systolic BP (mm Hg) 0.003 0.978 0.005 0.955 0.007 0.945
Diastolic BP (mm Hg) 0.100 0.399 0.089 0.342 0.094 0.368

*Model 1- without data transformation;   
**Model 2 - log transformed data;    
***Model 3 - square root transformed data. 
ICH - intracerebral hemorrhage; CSS - Canadian Stroke Scale; BP – blood pressure.
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Клучни зборови: интрацеребрална хеморагија, трансформација на податоците, перифокален едем, мултиваријантна 
анализа

Пристапот на мултиваријантната статистика сѐ повеќе се применува во анализата на хеморагичниот удар. Како 
и да е, неколку аспекти во однос на неговата веродостојност и валидност при примената на трансформација на 
податоците до сега не биле истражени. Овој труд ги истражува ефектите на различните форми на трансформација 
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на податоците при стандардните статистички методи на мултиваријантна анализа кај интрацеребралната хеморагија 
(ИЦХ) при мала група на испитаници. Два различни метода за трансформација на податоците (log трансформација 
(log(Xi)) и трансформација со коренување (√Xi)) беа извршени. Иницијалниот волумен на ИЦХ беше анализиран 
користејќи неколку тестови за скјунес, куртозис, хистограмска дистрибуција и различни квартил-квартил (Q-Q) и 
графици за веројатност (P-P) како критериуми за нормална дистрибуција. Мултиваријантна анализа за предикција на 
перифокалниот едем беше извршена користејќи нетрансформирани и трансформирани податоци. Нашите резултати 
укажуваат дека операциите на трансформација на податоците треба да се применуваат мошне внимателно бидејќи 
различниот аналитички  продукт води до различни научни заклучоци.
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Abstract

The exposure to tobacco smoke could cause bronchoconstriction and acute asthma attack. Smoking asthmatics have an insufficient 
therapeutic response to the standard therapy and unsatisfactory improvement of the respiratory function.

In a randomized parallel study, a therapeutic response to inhaled fluticasone propionate in a dose of 250 µg twice per day was deter-
mined in 38 asthmatics with mild asthma, smokers and nonsmokers. Short-acting ß2 agonist (salbutamol) in a dosage of 0.1 mg/per in-
haled dose was used as a rescue medication when needed. In patients, asthma was detected with a positive metacholine test and/or positive 
bronchodilatator response of > 12% with ≥ 200 ml increase of FEV1. They were randomized in two groups according to sex, age and start-
ing values of FEV1. Before and after 6 weeks of treatment with fluticasone propionate of the previously corticosteroid-naive patients, lung 
function test (spirometry) was performed.

A statistically significant effect (p<0.05) was achieved during the fluticasone propionate therapy in a group of non-smoking asthmatic 
patients. The same effect was not seen in the group of smoking asthmatics. Although the percentage of elevated FEV1 values was small, it 
was satisfactory because of the starting FEV1 values in patients with mild asthma.

More studies are needed in asthmatics determining the asthma symptom score, the number of night awakenings due to asthma, the 
asthma exacerbations and the frequency of rescue therapy usage which will define the altered therapeutic response to inhaled corticoste-
roids in smoking asthmatics.

Keywords: asthma, spirometry, inhaled corticosteroids 

* arso66@yahoo.com

Introduction

According to the World Health Organization in 2015, 
there were 1.1 billion smokers in the world, and although 
it has been a declining habit worldwide, the prevalence is 
increasing in the Eastern Mediterranean region and Africa. 

The prevalence in Europe in 2012 was 39% among men and 
19.3% among women aged 15 and more (Global Health 
Observatory data, 2015). The active tobacco smoking is 
associated with poor asthma control among adults whereas 
the passive smoking (environmental tobacco smoke) is the 
reason for wheezing in childhood associated with asthma. 
Smoking is a trigger factor for asthma attacks. In most of 
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the developed countries approximately 17-35% from the 
asthmatics are smokers (Thomson et al., 2004). 

The following factors contribute towards reduced re-
spiratory function among active smokers with asthma: the 
number of smoked cigarettes, the presence of wheezing, 
low body mass, a low forced expiratory volume in 1 sec-
ond (FEV1) or a low ratio between FEV1 and FVC where 
FVC represents forced vital capacity, additional profession-
al exposition and air pollution. Also, smokers with asthma 
had also reduced compliance (i.e. the patients were not us-
ing the prescribed drugs because of the feeling that they did 
not have any effect). Apostol et al. in 2002 conducted a re-
search with 4000 adults from 18 to 40 years old, evaluating 
the decline of FEV1 over a ten year period. It has been es-
tablished that among non-smokers without asthma the an-
nual decline in FEV1 was 8.5%, among non-smokers with 
asthma 10.1%, among smokers without asthma 11.1% and 
the highest decline of FEV1 was detected among smokers 
with asthma: 17.8%. Faster decrease of FEV1 in asthmat-
ic smokers compared to asthmatics who do not smoke has 
also been detected in other studies (Tamimi et al., 2012; 
Viegi et al. 2003). However, among smokers with asth-
ma that stopped smoking, after the first week, a statistical-
ly significant increase in FEV1 was noticed (Chaudhuri et 
al., 2006 ). In ex-smokers and non-smokers with asthma, 
Thompson and Spears found improvement of FEV1 and 
asthma control (Thomson and Spears, 2005). Tonnesen and 
his coworkers (Tonnesen et al., 2007), also found that if the 
patient had stopped smoking, the rate of decline of FEV1 
significantly decreased similar to a non-smoker. However, 
despite a possible increase of FEV1 after smoking cessa-
tion, FEV1 would never reach the values of a never-smoker. 

According to Chalmers and his coworkers (Chalmers 
et al., 2001) asthmatic smokers have an increased number 
of cells in the bronchoalveolar lavage, in which neutrophils 
are more prevalent, in contrast to non-smoking asthmat-
ics; while the number of eosinophils has a decrease in per-
centage among asthmatic smokers compared to asthmat-
ic non-smokers. The guidelines for treatment of bronchi-
al asthma recommend the inhaled steroids as the most ef-
fective anti-inflammatory treatment of asthma (National 
Heart, Lung and Blood Institute and world Health Organi-
zation. National Asthma Education Program, 1997; BTS/
SIGN,2003). It was shown that the inhaled steroids reduce 
the symptoms and the exacerbations and they improve the 
respiratory function (Barns and Ulrik 2015; Barnes et al., 
1998). They lead to a reduction of the risk for death from 
asthma (Barnes et al., 1998; Lanes et al., 2002).

The aim of the study was to evaluate the altered ther-
apeutic response to the recommended average  therapeutic 
doses of fluticasone propionate on the respiratory function 
among smokers with mild asthma. Objectives of the study 
were to determinate the difference between FEV1 before 
and after inhaled corticosteroid treatment in smokers and 
nonsmokers with mild asthma.

Material

In a randomized, parallel study an investigation was 
done with 38 asthmatics with mild asthma. Among patients, 
within the age group of 18-50 years asthma was detected 
with previously positive dose-provoking methacholine test 
and/or a positive bronchodilator response from >12% with 
≥200ml increase in FEV1. The age of the patients included 
was limited to 50 years, in order to avoid the inclusion of 
patients with COPD. Because of the same reasons, patients 
that smoke more than 40 cigarettes per day or patients 
that have been smoking more than 15 years have not been 
included. 

The patients were randomized in two groups, 
according to gender, age and starting FEV1, group of 
smokers and non-smokers, among which the therapeutic 
response to inhaled fluticasone propionate was determined. 
Considered for non-smokers were persons who have never 
smoked, or have been smoking only for two years during 
their whole life, or stopped smoking at least one year before 
the examination. Considered for smokers were those who 
smoke 10-40 cigarettes per day or had a smoking history of 
2 to 15 years, but without diagnosis of COPD.

Design of the study 

At the beginning of the research, demographic infor-
mation, information regarding the beginning and duration 
of the asthma, symptoms of the disease, past diseases, fam-
ily, social and pharmacological anamnesis were obtained 
from the history of the patient. All patients who smoked 
were advised to stop smoking, but those who refused were 
included in the study as asthmatic smokers. During the 
study, the condition of the patients was followed by out-
patient monitoring. 

In all patients, previously untreated with inhaled cor-
ticosteroids, the spirometric tests were made by using a 
Power-Cube spirometer. Tests were done before and af-
ter 6 weeks of treatment with fluticasone propionate. Pa-
tients were treated according to the criteria and recommen-
dations of the Global Initiative for Asthma (GINA) and ac-
cording to adopted national programs for the treatment of 
asthma in the Republic of Macedonia (Global Initiative for 
Asthma, GINA, 2017).

The therapeutic response to inhaled fluticasone propi-
onate, measured by FEV1 was determined among patients 
at a dose of 250μg twice a day (total daily dose of 500μg). 
As a facilitator drug, a short-acting ß2 agonist – broncho-
dilator, salbutamol from 0.1mg, per inhaled dose, was used 
if needed. FEV1 was expressed in percentage from the pre-
dicted normal value for each person according to race, gen-
der, age, height and weight. 

For statistical analysis descriptive methods, a method 
with mean value, standard deviation, Mann Whitney test 
and confidence interval of 95% (p<0.05) were used.
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Results

Pulmonary function was analyzed in a group of 38 
patients with mild asthma, 16 smokers and 22 non-smokers 
(Fig.1).

Fig. 1. Smokers and non-smokers with asthma.

There is no significant difference obtained between the 
two groups according to the age and the values for FEV1 
before the beginning of the examination (Table 1; Fig. 2).

There is no statistically important difference between 
the values for FEV1 before the beginning of the examination 
(Table 2; Fig. 3).

After six weeks of treatment with inhaled fluticasone 
propionate with a dose of 250mg twice per day (a total 
daily dose of 500 mg), a statistically significant positive 
effect for FEV1 (p<0.05) was obtained from the therapy 

with fluticasone propionate among the group of asthmatic 
non-smokers compared to the effect of the therapy for the 
group of asthmatic smokers (Table 3; Fig. 4). Although the 
values of FEV1 given in percentage of improvement are 
small, they are satisfactory for initial spirometric values of 
patients with mild asthma.

As in our survey, the perceived reduced benefit of 
corticosteroid therapy among the asthmatics exposed to 
cigarette smoke due to reduced sensitivity has also been 
demonstrated in several other studies, starting in 1996 by 
Pedersen and his coworkers (Pedersen et al., 1996). They 
found out that within 3 months of treatment with inhaled 
corticosteroid (ICS) – budesonide at a dose of 1600 mg per 
day, there was an excellent response among non-smoking 
asthmatics, with statistically significant increase of FEV1, 
but this effect was completely absent among the asthmatic 
smokers, treated with the same product during the same 
period of time. Tomlison and coworkers (Tomlinson et al., 
2005) during a 12 week survey, demonstrated that up to 
2000 mg per day of inhaled (inhalation) beclomethasone 
was necessary among asthmatic smokers in order to 
achieve some positive effect on the peak expiratory flow 
– PEF, but even that effect was much smaller from the 
achieved effect with only 400 mg per day beclomethasone 
among non-smokers with asthma. There was a similar 
unwanted and inappropriate response obtained in a 
treatment with fluticasone propionate at a dose of 1000 mg 
per day. Even the use of oral prednisolone did not give the 
desired effects among asthmatic smokers. Furthermore, 
two other randomized controlled studies among smokers 
with asthma, proved that the effectiveness of the therapy 
is disrupted after a short period of treatment with inhaled 
or oral corticosteroids (Chalmers et al., 2002; Chaudhuri 
et al., 2003).

Table 1. Age distribution of asthmatic patients

Mean Mean Valid N Valid N Std. Dev. Std. Dev.

27.77273 28.62500 22 16 6.301412 4.631414

Mann-Whitney U test (p=0.6693)

Fig. 2. Age distribution of asthmatic patients. 

Table 2. FEV1 values before examination

Mean Mean Valid N Valid N Std. Dev. Std. Dev.

85.04545 84.93750 22 16 3.199364 3.567796

FEV1 – Forced Expiratory Volume in 1 second, M% – mean value 
expressed in percentage of predicted values, SD%  - standard deviation 
expressed in percentage of predicted values, Mann-Whitney U test 
(p=0.9286)

Fig. 3. FEV1 values before the examination.
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According to Chauduri and his coworkers (Chauduri 
et al., 2006), managing asthma among smokers should 
result in encouragement to quit smoking, early initiation of 
increased use of inhaled corticosteroids, use of a combined 
therapy, use of antagonists of leukotriene receptors or 
providing high doses of inhaled steroids and/or oral steroid 
therapy. The author gives these recommendations based on 
the fact that quitting smoking improves the lung function 
(improved values of FEV1 before the inhalation of 
salbutamol, as well as persistence of the positive effect after 
1, 3 and 6 weeks). During a course of oral prednisolone, 
there was an increase of 15% in FEV1 after 6 weeks and an 
increase of 22% in FVC (850 ml). It should be emphasized 
that the experimental group was treated with medium sized 
doses of inhaled corticosteroid. 

In smokers with asthma, new effective therapies that 
are being investigated are: anti IL8, anti IL 1β, anti TNFa, 
NF κB inhibitors, PDE4 inhibitors, LTB4 inhibitors, 
development of improved inhalers, more secure steroids 
with higher doses and/or therapy with IFNa (Global 
Initiative for Asthma, GINA, 2017, Braganza et al., 2008; 
Barns 2003). In the treatment of the asthmatics that smoke, 
a creation of new drugs which will ease smoking cessation, 
as well as vaccines, is expected. 

Conclusions

This survey verifies the assumption that the therapeutic 
response towards inhaled corticosteroids is reduced among 
the asthmatic smokers compared to the asthmatic non-

smokers, despite the several weeks of treatment. 
The test for determination of the lung function (FEV1) 

had worse results among asthmatic smokers.
There was an altered therapeutic response towards 

inhaled corticosteroids in average doses which it was not 
sufficiently expressed among asthmatics who smoke.

Among smokers with asthma, other treatment 
modalities are needed, like increasing the dose of 
inhaled corticosteroids, use of combined bronchodilator/
corticosteroid therapy and/or adding low doses of 
aminophylline.
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Резиме

Изменет терапевтски одговор кон инхалативни 
кортикостероиди кај астматичари – пушачи со лесна астма

Зоран Арсовски¹*, ¹Дејан Докиќ, Златица Гошева¹, Елена Ј. Јанева¹,  
Анита Арсовска², Виктор Исјановски³

¹Универзитетска клиника за пулмологија и алергологија, Медицински факултет,  
Универзитет Св. Кирил и Методиј, Скопје, Мајка Тереза, 17, 1000 Скопје, Р. Македонија

²Универзитетска клиника за неврологија, Медицински факултет, Универзитет Св. Кирил и Методиј, Скопје,  
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³Психијатриска болница Скопје, Медицински факултет, Универзитет Св. Кирил и Методиј, Скопје,  
Пролетерска бб, 1000 Скопје, Р. Македонија

Клучни зборови: астма, спирометрија, инхалаторни кортикостероиди

Изложеноста кон димот на тутун може да биде причина за бронхоконстрикција и акутен напад на астма. 
Астматичарите кои пушат имаат инсуфициентен терапевтски одговор кон стандардната терапија и незадоволително 
подобрување на респираторната функција.  

Во рандомизирана паралелна студија, беше одреден терапевтскиот одговор кон инхалаторен fluticasone propionate 
во доза од 250 µg два пати на ден кај 38 астматичари со лесна астма, пушачи и непушачи. Како лек за итна помош 
беше користен по потреба кратко делувачки ß2 агонист (salbutamol) во доза од 0.1 mg/во една инхалација. Кај 
пациентите астмата беше докажана со позитивен метахолински тест и/или позитивен бронходилататорен одговор од 
> 12% со ≥ 200 ml зголемување на форсираниот експираторен волумен во 1 секунда (FEV1). Тие беа рандомизирани 
во две групи според пол, возраст и почетни вредности на FEV1. Тестот за одредување на белодробната фунција 
(спирометрија) беше направен пред и по 6 неделен третман со fluticasone propionate кај пациенти кои претходно не 
користеле кортикостеоидна терапија.

Во групата на астматичари – непушачи беше добиен статистички значаен одговор (p<0.05) по терапијата со 
fluticasone propionate. Позитивниот ефект изостана во групата на астматичари – пушачи. Иако процентот на 
зголемување на вредностите на FEV1 беше мал, истиот беше задоволителен поради почетните вредности на FEV1 
кај пациентите со лесна астма.

За да се дефинира изменетиот терапевтски одговор кон инхалаторните кортикостероиди кај астматичари – пушачи 
потребни се повеќе студии кои ќе го одредат и астма симптом скорот, бројот на ноќни будења поради астмата, астма 
егзацербациите и честотата на користење на терапијата за итна помош.
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Abstract

High risk Human Papillomavirus (HPV) is an important etiological factor in initiation of squamous intraepithelial lesions (SIL), but 
not enough for malignant progression to cervical cancer (CCa). Single nucleotide polymorphisms (SNPs): rs1042522 within the codon 72 
of p53 and rs2279744 within MDM2 promoter gene are plausible factors for development of SIL or CCa conferring increased attenuation 
of p53 pathway. We investigated the association of these SNPs with the HPV positive SIL and CCa among women from the Republic of 
Macedonia. Using a multiplex PCR SNaPShot analysis we genotyped rs1042522 and rs2279744 in 131 HPV positive women with SIL 
or CCa and 110 HPV and cytologicaly negative controls subject. No significant difference in either genotype or allelic frequencies for 
rs1042522 and rs2279744 between cases and control was found. The stratification of patients on the basis of the lesion grade revealed 
lower frequency of CC genotype and C allele of rs1042522 in HSIL and CCa compared to LSIL [GG vs CC; p=0.001, OR=0.4; CG vs 
CC; p=0.04, OR=0.03 and CG+ GG vs CC; p=0.004, OR=0.2]. Additionally TT genotype and T allele of MDM2 309 showed significantly 
lower frequency in HSIL and CCa group then in LSIL [G vs T p=0.02, OR=0.52; GG vs TT; p=0.04, OR=0.29; ТТ vs ТG+GG; p=0.007, 
OR=0.34].The Arg variant of rs1042522 and T allele/TT genotype of rs2279744 are associated with progression to LSIL to HSIL or CCa 
and may be used as prediction markers in CCa management, but the clinical relevant warrants further validation in large and well-designed 
studies.

Keywords: Squamous intraepithelial lesions (SIL), cervical cancer (CCa), Human Papillomavirus (HPV), single nucleotide polymorphism 
(SNP), cancer and SIL susceptibility

* sotirijaduvlis@yahoo.com

Introduction

Cervical cancer (CCa) is the fourth most common can-
cer in woman  (Ferlay et al., 2015) and one of the leading 
causes of morbidity and mortality among women world-

wide (Hakama et al., 2008). Human papillomavirus (HPV) 
is considered the key etiological factor in initiation of 
squamous intraepithelial lesions (SIL) and cervical cancer 
(CCa), which are strongly associated with  persistentance 
of this high-risk virus types (Thomison et al., 2008; zur 
Hausen, 1996).  Although the majority infections are spon-
taneously resolved and do not confer progression to dis-
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ease, evidence confirmed host factors influence in the HPV 
persistence and progression of cervical lesions to higher 
grade lesions and CCa.

Many studies have confirmed the association between 
genetic polymorphisms in cancer susceptibility genes and 
risk of human malignant tumors (Nunobiki et al., 2011; 
Tsigris et al., 2007; Ueda et al., 2003). Polymorphisms 
within the p53, damage-response gene and within its main 
negative regulator, human homolog of mouse double 
minute 2 (MDM2), have been reported as  factors that 
influence cervical carcinogenesis (Wade et al., 2010), but 
still conclusions remain contradictory.

Storey, et al. (Storey et al., 1998) for the first time 
reported an association between single nucleotide 
polymorphisms (SNPs) in codon 72 of p53 (rs1042522) 
and persistent  HPV infection and cervical cancer.  The C 
to G base change in codon 72 of p53 replacing proline (Pro) 
with arginine (Arg) might modify the p53 susceptibility 
to ubiquitin dependent degradation lowering its tumor 
suppression effect (Storey  al., 1998). The SNP at position 
of the intronic promoter of MDM2 gene (rs2279744) 
characterized with T to G replacement can also confer 
susceptibility to SIL and CCa increasing the affinity of the 
Sp1 transcription factor toward it. This event results with 
higher level of protein production and attenuation of the 
p53 pathway (Hun et al., 2007) followed by abrogation 
of p53 tumor suppressor activity, higher mutation rate, 
less efficient DNA repair and reduction of apoptosis all 
together resulting with faster and more frequent tumor 
formation (Hu et al., 2010). Elevated MDM2 levels 
have been detected in different human cancers due to the 
abnormal expression of the MDM2 gene (Momand et al., 
1998; Oliner et al., 1992) and could be a risk factor for 
higher susceptibility to various cancers.

Based on this knowledge, we designed a method 
for simultaneous analysis of both polymorphisms using 

SNapShot miniseqencing single base extension approach 
with an aim to find weather there is an association between 
these SNPs and susceptibility to HPV positive SIL and 
CCa among Macedonian women. For this purpose we 
design primers for multiplex reaction and SNP unlabeled 
primers that anneal one base upstream to the relevant SNP, 
guided by previous scientific experience (Carvalho and 
Pena, 2005; Noveski et al., 2014a; Noveski et al., 2014b). 
Although recent technologies offer sophisticate high-
throughput platforms, we used this methodology as a rapid 
and cost effective one. Genetic characteristic of these SNPs 
are shown in Table 1.

Materials and methods 
Study population and clinical characteristic

The study group included 241 women: 131 HPV posi-
tive cases with histologicaly confirmed: low squamous in-
traepithelial lesions (LSIL) (n=39), high squamous intraep-
ithelial lesions (HSIL) (n=52) and cervical cancer (n=40) 
and the control group was consisted of 110 HPV and cyto-
logicaly negative women. 

For further statistical analysis the study population 
was stratified in three groups: C1 (all squamous intraep-
ithelial lesions – SILs: LSIL, HSIL and CCa), C2 (HSIL 
and CCa) and C3 (LSIL). Informed consent was obtained 
from each participant, before recruitment in the study.

Blood samples and/or cytological swabs from cervical 
cancer patients were obtained in the period February 2013 
to November 2014, from women who underwent cervical 
cancer screening with HPV testing and/or surgical treat-
ment at the University Clinic for Gynecology and Obstet-
rics at the Medical Faculty in Skopje, Macedonia. Their cy-
tological/histological status was identified by pathological 

Table 1. Characteristic and positions of analyzed SNPs

dbSNP Reference sequence Genome position transcript c. DNA Protein
sequence

Amino acid 
change

Trivial
name

rs1042522 NC_000017.10 g.7579472G>C NM_000546.5 c.215C>G NP_000537.3 p.Pro72Arg p53Pro72Arg

rs2279744 NC_000012.11 g.69202580T>G NM_001145337.2 c.-
291T>G

MDM2 
309T>G

Table 2. Primers used in multiplex reaction in detection of the SNPs (rs1042522 and rs2279744)

        gene/db SNP ID                   primers orientation                5’>3’                            PCR-fragment                                                                                                                                    

p53 Pro72Argc.215C>G/rs1042522 F GAAGACCCAGGTCCAGATGA
216

R ACTGACCGTGCAAGTCACAG
MDM2309  c.-291T>G/rs2279744 F CGGGAGTTCAGGGTAAAGGT 194

R TCGGAACGTGTCTGAACTTG
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analysis of cervical swabs or surgical specimens. The cy-
tological diagnosis was performed by cytopathologists us-
ing the Bethesda classification system. Histological analy-
ses were performed on specimens collected by a colposco-
py-directed biopsy and/or cone specimens collected by the 
loop excision procedure in patient where it was indicated 
or on surgical specimens. Median age of the study group 
was 19-67 (43 + 7.3). HPV DNA detection and SNP typing 
were performed in the Laboratory for Virology and Molec-
ular Diagnostics of the Institute of Public Health (IPH) of 
R. Macedonia and the Research Center for Genetic Engi-
neering and Biotechnology, MASA, R. Macedonia.  This 
study was approved by the local ethics committee of IPH 
of R. Macedonia.  

DNA isolation and SNP genotyping

 DNA isolation: QIAamp DNA Blood Mini Kit for 
DNA extraction from peripheral blood and cervical swabs 
according the manufacture instructions. Samples were ob-
tained considering all bioethical issues and the study proto-
col was approved by Institute of Public Health of R Mace-
donia. Informed consent was obtain from the all the par-
ticipants. 

SNP genotyping by multiplex PCR followed by SNapShot 
analysis:

a). Primer design
The primers for the first multiplex reaction were de-

signed using primer design software-Primer3Plus (http://
www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.
cgi) and the reaction resulted amplicons with different 
fragment sizes (Table 2). Secondary structures and po-
tential primer dimers were predicted using the PriDimer-
Check (http://biocompute.bmi.ac.cn/MPprimer/primer_di-
mer.html) and dimer–dimer exclusion were calculated with 
OligoCalc (http://biotools.nubic.northwestern.edu/Oligo-
Calc.html; Kibbe 2007). The SNP specific primers were 
designed to allow 3’ attaching to SNP nucleotide and they 
were 5’ tailed with a poly-C sequence to produce extension 
products 32 to 40 nucleotides long to allow separation by 
capillary electrophoresis (Table 3).

b). Multiplex polymerase chain reaction (PCR)
The multiplex PCR reaction was performed in 25 

μL final volume, containing 1x Reaction buffer, 300μM 
of dNTPs, 2 mM of MgCl2, 2U of AmpliTaq Gold poly-
merase (Applied Biosystems, Foster City, CA, USA) and 
10 ng of genomic DNA. Cycling conditions were: 10 min-
utes at 95 °C, followed by 35 cycles of 1 minute at 95 °C, 
1 minute and 15 seconds at 59 °C, 2 minutes at 72 °C and 
a final extension at 72 °C for 10 minutes.

c). Single-nucleotide primer extension assay
Before the single base extension reaction, an aliquot of 

1 μL of the PCR product was treated with 0.5 μL of Exo-
SAP-IT (USB Corporation, Clevelend, OH, USA) for 60 
minutes at 37 °C to eliminate unincorporated nucleotide 
triphosphates and excess PCR primers The enzymes were 
inactivated at 86 °C for 20 minutes. Multiplex single base 
extension reaction was performed in a 5 μL final volume, 
combining 2 μL of SNaPshot ready reaction mix (Applied 
Biosystems), 2 μL of the purified PCR product and 1 μL 
of the SNPs specific primer cocktail. The cycling condi-
tions were 10 seconds at 96 °C, 10 seconds at 50 °C and 30 
seconds at 60 °C, for 25 cycles. To remove unincorporat-
ed ddNTPs, the final products were incubated with 1U of 
shrimp alkaline phosphatase (SAP) (USB Corporation) for 
1 hour at 37 °C, followed by 15 minutes at 85 °C to inacti-
vate the enzyme. 1 µl of the SAP-inactivated single-nucle-
otide extension reaction was diluted with 12 µl HiDi For-
mamide (Life Technologies) and supplied with 0.5 µl Ge-
neScan 120 LIZ Size Standard (Life Technologies). The 
mixture was denatured at 95 °C for 5 minutes and loaded 
onto an ABI PRISM 3010 Genetic Analyzer (Life Technol-
ogies). Capillary electrophoresis was performed follow-
ing manufacturer’s instructions. Extension products were 
visualized and analyzed using GeneScan 4.0 (Life Tech-
nologies). Initial validation of the method was performed 
against DNA sequencing of the amplified region.

Representative results showing the identification of 
rs1042522 and rs2279744 are shown in Figure 1.

Statistical analysis

The difference in genotypic and allelic frequency be-
tween patients and controls and their deviation from the 

Table 3. Primers for single-nucleotide primer extension reaction 

SNP polymorphism sequence 5’-> 3’ Base pares P* SNP E** C(µM)

p53Pro72Arg  C>G rs1042522 CTGGTGCAGGGGCCACG 17+15(C) 32 reverse G/C 33.3/33.8

MDM2309T>G rs 2279744 TCCGGACCTCCCGCGCCG 18+22(C) 40 reverse A/C 39.6/40.1

P* -Primer orientation; 
E**- Electrophoregram position (referent/variant)
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Hardy-Weinberg (HW) equilibrium were calculated by the 
Chi-squared test. The significance of Odd Ratio (OR) with 
their 95% confidence intervals (95% CI) was also assessed 
by the Chi-square (χ2) test. In case the latter was not ap-
plicable, the Fisher’s exact test was used. A P value of 
0.05 or less is considered statistically significant.  All sta-
tistical calculations were performed in SPSS 19.0 (SPSS, 
Chicago, IL, USA) software.

Results

Case /Control association analysis

Descriptive characteristic of both the study and control 
groups are given in Table 4. Our results reveal an association 
between the rs1042522, rs2279744 polymorphisms and 
SIL/CCa among HPV positive cases. Inconclusive results 
obtained for 9 controls and two cases genotyped for 
p53Pro72Arg were excluded from further analysis. The 
obtained data from polymorphic variant in control group 

Fig. 1.  Results of SNPs after running the multiplex SNP reaction on capillary gel electrophoresis  ABI PRISM 3010 Genetic 
Analyzer (Life Technologies). The electrophoregrams show identification of: A) CC and AA genotypes and B) GG 
and CA genotype of codon 72 at p53 and MDM2 309 polymorphisms respectively.

Table 4. Characteristics of patients included in the study 

Patients  and controls characteristic Patients           Controls

age
<30 30                43
≥ 30  101                67
total 131               110

Cases Histology
LSIL  39
HSIL 52
CCa 40
HPV type In LSIL (%) In HSIL and CCa (%) Total
HPV 16 and/or  18 6 (15.4) 56 (60.9) 62 (47.4)
Other High risk type 23 (59.0) 20 (21.7) 43 (32.8)
Multiple infections 10 (25.6) 16 (17.4) 26 (19.8)
total   39 (100.0)   92 (100.0) 131 (100.0)



Макед. фарм. билт., 62 (2) 49 - 58 (2016)

53 Association of p53Pro72Arg (rs1042522) and MDM2309 (rs2279744) polymorphisms with risk for cervical intraepthelial...

complied with the Hardy-Weinberg equilibrium.
The p53 Pro72Arg C>G polymorphic variant showed 

no association with initiation and development of SIL 
and CCa, but  after the stratification of the study group, 
the GG genotype and the G allele (Arg variant) of p53 
Pro72Arg showed to be associated with progression of 
LSIL to HSIL and CCa in the presence of HPV. The result 
showed lower CC genotype frequency in HSIL and CCa 
(group C2)(6.4%) compared to LSIL (C3group) (25%) 
[CC vs GG; p=0.001, OR=0.16 (95%CI: 0.04-0.5); CC vs 
CG; p=0.045, OR=0.3 (95%CI: 0.09-1); GG vs CG+CC; 
p=0.02, OR=0.4 (95%CI: 0.1-0.8) and [CC vs CG+ GG; 
p=0.004, OR=0.2 (95%CI: 0.1-0.8)] (Table 5).

The two HPV positive groups: HSIL with CCa 
and the group of all SIL comparison with control group 
showed no significant differences in either genotype or 
allelic frequencies for MDM2 309T>G polymorphisms, 

but when LSIL group was compared with HSIL and CCa, 
TT genotype and T allele  showed significantly lower 
frequency in the last one (22.8% and 52.7%, respectively) 
than in LSIL (46.2% and 68.0% respectively) [T vs G 
p=0.02, OR=0.52 (95%CI: 0.3-0.9; ТТ vs GG; p=0.04, 
OR=0.29 (95%CI: 0.08-1.03); ТТ vs ТG+GG; p=0.007, 
OR=0.34 (95%CI: 0.15-0.75)]. The results of this study 
suggest that MDM2 309T>G might be a potential marker 
for predicting the progression of LSIL to HSIL and CCa. 
The results are shown in Table 6.

Discussion

The results obtained in this study are the first to reveal 
a significant association between these two polymorphisms 
and susceptibility to HPV positive SIL and CCa finding 

Table 5. Results of allele and genotypic frequencies of rs1805010 in the groups of patients with different cervical lesions and 
healthy controls rs1042522

P53Pro72Arg rs1042522
Cases 

(SIL + CCa)
n (%)

HSIL + CCa
n (%)

LSIL
n (%)

controls
n (%) p1* p 2* p 3* p 4*

Allele C 78 (30.2) 45 (24.4) 33 (44.6) 63 (31.2)
0.8 0.15 0.04 0.001

          G 180 (68.8) 140 (75.6) 41(55.4) 139 (68.8)
Genotype
GG 66 (51.2) 53 (57.6) 13 (35.1) 51 (50.5) 0.7 0.11 0.6 0.001

GC 48 (37.2) 33 (35.9) 15 40.6) 37 (36.6) 0.8 0.2 0.2 0.045
d.CC 15 (11.6) 6 (6.5) 9 (24.3) 13 (12.9) Ref Ref Ref

Recesive model GG/ GC+ CC 0.1 0.36 0.13 0.02

Dominant model GC+GG/CC 0.7 0.09 0.004
n-total 129 (100) 92 (100) 37 (100) 101 (100) - - - -

(%) Allelic and genotype frequency *p1= cases/controls *p2=/HSIL+CCa/controls; *p3=LSIL/controls; *p4=HSIL+ CCa/LSIL

 Table 6. Results of allele and genotypic frequencies of rs1800872 in the group of patients with different cervical lesions and 
healthy controls

MDM2309T>G rs2279744
Cases

(SIL + CCa)
n (%)

HSIL + CCa
n (%)

LSIL
n (%)

controls 
n (%) p1* p 2* p 3* p 4*

Allele
T 183 (62.0) 97 (52.7) 53 (68.0) 124 (56.4) 0.21 0.4 0.07 0.02

G 112 (48.0) 87 (47.3) 25 (32.0) 96 (43.6)
Genotype 

TT 39 (29.8) 21 (22.8) 18 (46.2) 30 (27.3) Ref ref ref ref
GT 72 (55.0) 55 (59.8) 17 (43.6) 64 (58.2) 0.6 0.54 0.04 0.14

GG 20 (15.2) 16 (17.4) 4 (10.2) 16 (14.5) 1 0.43 0.15 0.04
Dominant model
GT+GG/TT 0.66  0.40 0.03 0.007
Recessive model
GG/ TG + TT - 0.87  0.5 0.4 0.29

n-total 131(100) 92 (100) 39 (100) 110 100) - - - -

(%) Allelic and genotype frequency *p1= cases/controls *p2=/HSIL+CCa/controls; *p3=LSIL/controls; *p4=HSIL+ CCa/LSIL
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a risk of progression of HPV positive LSIL to HSIL or 
CCa.  Genetic analysis of these SNPs was done mostly on 
Macedonian ethnical origin population and only a small 
number of them were of Roma and Albanian ethnicity. 
Codon 72 of the p53 gene is found to be a site of frequent 
polymorphism (Matlashewski et al., 1987) and the 
frequencies of allelic variants at this codon differ among 
different ethnic groups (Beckman et al., 1994; Sjalander 
et al., 1996) and it is shown that they are associated with 
different cancer susceptibility (Birgander et al., 1996; 
Buller et al., 1997; Kawajiri et al., 1993). The C to G 
base substitution in codon 72 replacing amino acid Prolin 
with Arginine is considered to produce a more vulnerable 
variant of p53. Since Storey et al. (Storey et al., 1998) 
for the first time reported 7 fold higher risk of p53 Arg 
homozygotes for HPV associated squamous carcinoma 
of cervix than heterozygotes, many studies were done in 
order to confirm this association. Still the results remain 
contradictory and not conclusive for accepting this SNP as 
a marker for prediction of HPV associated SIL and CCa 
susceptibility. Some studies confirm this association with 
invasive CCa but not with preinvasive lesions (Jee et al., 
2004; Koushik et al., 2004). 

Recently, a meta-analysis (Habbous et al., 2012) that 
included 4,292 patients with invasive cervical cancer, 
1,519 with high-grade SIL, 810 with low-grade SIL, 
648 with SIL of unspecified grade, and 5,326 healthy 
controls, with known HPV status, showed an increased 
risk for progression of HPV positive SIL to cervical cancer 
supporting the HPV biologically modulated mechanism 
(Habbous et al., 2012). The study did not show association 
of the Arg variant with initiation and develpompment of 
cercical cancer nither in HPV positive nor HPV negative 
patiens. Similar results are obtained in our study showing 

no association of this SNP with initiation and development 
of SIL and CCa, but the GG genotype and the G allele (Arg 
variant) of p53 Pro72Arg showed to be associated with the 
progression of LSIL to HSIL and CCa in the presence of 
HPV. 

Previous studies didn’t find any association between 
this polymorphism and CCa in most of the European 
population with the exception of the United Kingdom and 
Italy (Sousa et al. 2007). The study of Hu (Hu et al., 2010) 
shows association of this SNP in Caucasian population 
particularly in HPV16 and HPV18 positive cases but also 
suggests that there might be an interaction between this 
SNP and other environmental factors. The G allele was 
more frequently inherited in Caucasian population so the 
frequency in this population is higher (71%) compared to 
African and American population (65%) what may explain 
the existence of association of this SNP in the Caucasians.

The opposite conclusion was reached by  Zhou e al. 
(Zhou et al., 2012) in meta study that included 28 case 
control studies with a total of 3,580 cervical cancer cases 
and 3,827 healthy controls. The study showed that the Pro/
Pro genotype was associated with increased risk of cervical 
cancer under the heterozygous model among Indian 
populations, but not among Chinese, Japanese and Korean 
populations. Nevertheless, our preliminary results are in 
concordance with studies showing that the (Arg) variant 
of p53 Arg72Pro is associated with progression to cervical 
cancer in the presence of HPV infection. 

The inconsistency in the reported results from different 
studies could be attributed to different material used for 
analysis, use of insufficient specific molecular technique, or 
improper population selection. The source of the specimen 
for analysis is very important step because it might be a 
source for false results. Use of biopsy specimens can very 

Table 7. Results for P value (square test), odd ratio (OR) and 95% Confident interval (95% CI) of statistically significant 
association between analyzed SNPs and grade of HPV positive CIN or CCa patients

SNP Comparation Model p value OR 95% CI

p53Pro72Arg HSIL+CCa/LSIL allelic G vs C 0.001 0.4 0.2-0.7

homozygous GG vs CC 0.001 0.16 0.04-0.5

heterozygous GC vs CC          0.045 0.3 0.09-1

dominant GC+GG/CC 0.004 0.2 0.1-0.8

recessive GG/ C+CC 0.02 0.2 0.1-0.8
MDM2309 HSIL+CCa/LSIL allelic G vs T 0.02 0.5 0.3-0.9

homozygous GG vs TT 0.04 0.29 0.08-1.03

dominant GT+GG/TT 0.007 0.34 0.15-0.75

LSIL /controls heterozygous GT vs TT 0.04 0.44 0.2-0.9

dominant GT+GG/TT 0.03 2.28 1.1-4.8
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often yield DNA with poor quality giving poor quality of 
obtained results. 

The results for MDM2 SNP 309 obtained from 241 
samples showed no association between this polymorphism 
and HPV positive SILs and CCa. Analyses of stratified 
study group showed higher frequency of TT genotype 
among HPV positive LSIL cases (46.2%) compared to 
control group (27.3%) [TT vs TG+ GG, p= 0.03; OR 
=2.28 (95% CI: 1.1-4.8) under dominant model and under 
heterozygous model TG vs TT, p=0.04 ; OR=0.44 (95% 
CI:0.2-0.9)].  But we also found a lower T allele and 
TT genotype frequencies in HSIL (52.7% and 22.8%) 
compared to LSIL (68% and 46.2):[(G vs T, p=0.02; 
OR=0.5 (95% CI:0.3-0.9); homozygous model: GG vs TT, 
p=0.04; OR=0,29 (95% CI:0.08-1.3) and dominant model: 
TT vs TG+GG, p=0.007; OR=0.34 (95% CI: 0.15-0.75)].

This significant result indicates an association of this 
polymorphism with a risk for GG genotype and G allele 
carrier with progression of LSIL to higher grade lesions 
and CCa. 

Until recently, the nature of the relationship between 
MDM2 SNP309 (rs2278744) and cervical cancer was 
not clear. There have been many studies in this area with 
contradictory conclusions. The study of Amaral et al. and 
Meissner (Amaral  et al., 2014; Meissner et al., 2007) in 
Brazilian population did not conclude any association 
between this SNP and CCa. Contrary to this, Singh et 
al. (Singh et al., 2009) found an association between 
higher frequency of G allele and cervical cancer in 
Indian women infected with HPV. The same conclusion 
was reached by Nunobiki et al. (Nunobiki et al., 2010), 
who found the rs2278744 to be associated with cervical 
carcinogenesis especially in the high-risk HPV positive 
CIN as well as in a study from 1000 genomic project 
(www.1000genomes.org) in Chinese and Japan. Recently 
study of Knappskog (Knappskog and Lonning, 2011a) 
explained the possible causes of discrepant conclusions 
about this association between Asian and non-Asian 
cohorts highlighting the influence of the MDM2 SNP258 
on MDM2 SNP309 association with CCa.  Namely, while 
‘in vitro’ studies have shown SNP309G-allele to elongate 
a binding site for the transcription factor Sp1, thereby 
increasing MDM2 transcription (Bond et al., 2004), 
new studies find that SNP285C-allele has the opposite 
effect and this polymorphism significantly reduces Sp1 
binding (Knappskog and Lonning, 2011b). Finding that 
SNP285C/309G haplotype frequency is ~12% in North 
Western Europeans (Norway, the Netherlands and the 
UK) (Knappskog and Lonning, 2011a) and a similar 
frequency was reported in the Caucasian cohorts of the 
1000 genomes project (www.1000genomes.org) but it 
has been notably  absent in Asian (Chinese and Japanese) 
populations (Knappskog and Lonning, 2011b, 2011; 
www.1000genomes.org,), explain the ethnical influence 
on different conclusions. Although the presence of the 
SNP285C variants seems to antagonize the effect of 

SNP309G there is a limited number of studies that have 
analyzed this polymorphism with cancer susceptibility 
and the total sample size was relatively small, which may 
lead to relatively weak power to detect the real association. 
The study of Roszak et al. (Roszak et al., 2015) did 
not find significant association between cervical 
cancer development or clinic-pathological features and 
the MDM2 309 T>G SNP but they demonstrated that 
MDM2 285G>C polymorphism may protect against 
SCC development in a sample of the Polish population 
(Roszak et al., 2015). This study is also the first one that 
assessed the MDM2 285 G>C polymorphism and showed 
that the 285CC/309GG + 285GC/309GG combined 
genotype may protect against SCC and 285GG/309GG 
may increase the risk of SCC in Caucasian populations. 
But, this study is also characterized by limitation of low 
statistical power. Several studies about MDM2 SNP285 
in different types of cancers reached contradictory results  
(Bjornslett et al., 2012; Knappskog and Lonning 2011a; 
Knappskog and Lonning 2011b; Paulin et al., 2008; 
Piotrowski et al., 2012; Roszak et al., 2015). Our results 
are in concordance with the Caucasians population studies 
but lacking results on the MDM2 285G>C polymorphism, 
it warrants further analysis for obtaining more informative 
results. Additionally, our results were based on OR without 
adjustment for individual’s age, sex, smoking status, 
drinking status, environmental factors, and other lifestyles 
factors that would be taken in account in further studies.

The inconsistent results from the studies could be 
addressed to the difference in ethnical allele frequency 
difference, in the source of the extracted DNA for analyses 
(blood, swabs, cancer tissue) and to the difference 
in the applied detection methodology. Improving the 
methodology and using the optimal type of specimens for 
analysis, could be provide more relevant results. Using 
of the SNP extension method in our study, we enabled 
detecting of several SNPs in a single reaction and it has 
shown to be a fast, accurate and cost effective method.  

Conclusion

According to our knowledge, this study reports for 
the first time point out the potential of p53Pro72Arg 
rs1042522 and MDM2 rs2279744, as predictive markers 
for progression of LSIL lesions to HSIL and CCa. The 
genetic testing for individual susceptibility to HPV 
infection and CCa that confirm the association between 
genetic variants at p53Arg72Pro and MDM2 309 indicated 
that they could affect cervical carcinogenesis but this 
finding needs confirmation  with further studies performed 
on a larger cohort and control groups. The results from this 
study could be used as basic clinical data for recognizing 
the individual response to the HPV infection but the genetic 
susceptibility could have comprehensive significance in 
future if  is performing on a sets of genotypes that have 
been confirmed as a factors that predict the outcome of 
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cervical changes.
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Резиме

Aсоцијација помеѓу p53Pro72Arg (rs1042522) и MDM2309 
(rs2279744) полиморфизмите со ризикот за развој на 

цервикални интраепителни лезии и цервикален карцином 
кај македонските жени
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Клучни зборови: Сквамозни интраепителни лезии (СИЛ), Цервикален карцином (ЦЦ), Хуман папиломавирус 
(ХПВ), полиморфизам со еднонуклеотидна замена, подложност на СИЛ и цервикален карцином

Инфекциите со високо-ризичен Хуман папиломавирус (ХПВ) тип се важни етиолошки фактори во иницијација 
на сквамозните интраепителни лезии (СИЛ), но сепак не се доволни за нивна малигна прогресија до повисок степен 
на промена или цервикален карцином (ЦЦ). Еднонуклеотидните полиморфизми: rs1042522 во кодонот 72 на р53 
и rs2279744 во 309 промотерниот регион на MDM2 генот се можни фактори кои дополнително влијаат на развојот 
на СИЛ и на ЦЦ доведувајќи до зголемена атенуација на p53 патиштата. Во трудот се ипитува асоцијацијата на 
овие полиморфизми со ХПВ позитивните СИЛ  и ЦЦ меѓу жените од Р. Македонија. Користејќи мултиплекс PCR 
SNaPShot анализи ги генотипизиравме rs1042522 и rs2279744 кај 131 ХПВ позитивна жени со  СИЛ или ЦЦ и 
110 контролни, со негативен цитолошки и  ХПВ наод. Не е утврдена статистики значајна разлика во алелната и 
генотипската фреквенција кај случаите и контролите. По групирање на пациентките зависно од степенот на лезијата 
се покажа статистички пониска присутност на  ЦЦ генотипот и Ц алелот во групата на пациентки со посисок степен 
на промени и ЦЦ (ХСИЛ + ЦЦ) во однос на оние со благи лезии (ЛСИЛ) [GG vs CC; p=0,001, OR=0,4; CG vs CC; 
p=0,04, OR=0,03 and CG+ GG и CC; p=0,004, OR=0,2]. Дополнително ТТ генотипот и Т алелот од MDM2 309се 
значајно  поретки кај ХСИЛ и ЦЦ во однос на ЛСИЛ групата [G vs T p=0,02, OR=0,52; GG vs TT; p=0,04, OR=0,29; 
ТТ vs ТG+GG; p=0,007, OR=0,34]. Според ова заклучуваме дека Арг варијантата на rs1042522 и ТТ/Т -генотип /
алелот на rs2279744 се асоцирани со прогресија на ЛСИЛ во ХСИЛ или ЦЦ и може да се користат како маркери 
за предвидување и менаџирање на ЦЦ, но клиничката значајност бара понатамошна потврда на поголема група 
испитаници и добро дизајнирана студија.
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Abstract

Smoking in asthmatics is responsible for the worsening of asthma symptoms, more frequent asthma exacerbations and hospitalizations 
and lowered quality of life. In smoking asthmatics the designated doses of the inhaled corticosteroid treatment are usually insufficient to 
accomplish total asthma control.

Out of 54 screened adult patients up to 50 years old with mild asthma, 38 were involved in the study. They were divided in two 
groups: smokers and non-smokers. They received a total daily dosage of 500 µg of inhaled fluticasone propionate.  A rescue medication, a 
short-acting ß2 agonist (salbutamol) in a dosage of 0.1 mg/per inhaled dose, was used when needed. Asthma was diagnosed by a positive 
metacholine provocation test and/or a positive bronchodilatator response.  

An asthma control test i.e. the ACT-TM questionnaire was performed before the beginning of the study and 6 weeks after the treatment 
with fluticasone propionate of the previous corticosteroid-naive patients. A statistically positive response (p<0.05) was reached in favor of 
non-smoking asthmatics. 

It can be concluded that ACT is a reliable tool to assess the effect of the topical corticosteroid treatment in non-smoking and smoking 
asthmatics. An achievement of better asthma control could be expected among both of the examined groups, but the effect of the intervention 
in the therapy is estimated to be more expressed within the group of asthmatic non-smokers. 

In smoking asthmatics there is a need for other therapeutic modalities such as increasing the dosage of inhaled corticosteroids, usage 
of combination therapy and/or adding low doses of aminophylline.

Key words: asthma, fluticasone propionate, asthma control test

* arso66@yahoo.com

 Introduction

The prevalence of smokers in the USA is 16.7% among 
men and 13.6% among women  (CDC, USA, 2015). In the 
past, the prevalence rates of smoking in asthmatics were 

similar to those of non-asthmatics. Thankfully, in recent 
years data shows that smoking was less frequent among 
asthmatics than general population (26 vs. 31%) (Cerve-
ri et al., 2012). Still, there is a higher incidence of smok-
ers with asthma among adolescents and asthmatics living 
in developing countries. These groups are more frequent-
ly treated by the Units for emergency medical assistance 
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(Emergency departments), up to 35% (Kauppi et al., 2014). 
It is well known that the exposure to tobacco smoke 

can cause bronchoconstriction and acute asthma attack, 
worsening of asthma symptoms and decline in FEV1, more 
frequent asthma exacerbations, more frequent hospitaliza-
tions, lowered quality of life, as well as altered or insuffi-
cient therapeutic response to the standard therapy, envis-
aged in the global guidelines for asthma treatment around 
the world (Thomson et al., 2005; Thomson et al. 2013).

Tobacco smoke has an effect on the immune system, 
modifying the inflammation associated with asthma; it 
causes oxidative stress, changes in the remodeling of the 
respiratory airways and possible emphasis of the allergen-
ic sensitivity. Modified inflammation among smokers with 
asthma is not very investigated, because most of the stud-
ies for asthmatics on which the effects of anti-inflamma-
tory therapy are followed are executed on a group of ex-
aminees with asthma that are non-smokers. A cause for 
this phenomenon could be a possible corticosteroid resis-
tance among smokers with asthma, but the reason for this 
is still insufficiently researched. It is assumed that the al-
tered response to corticosteroids may be a consequence of 
an altered cellular inflammatory response (increased neu-
trophils or decreased eosinophils), changes in the relation 
of α and β corticosteroid receptors (increased expression 
of the glucocorticoid receptor β), increased activation of 
proinflammatory transcription factors (NF κB) or reduced 
activity of histone deacetylase. The altered therapeutic re-
sponse is particularly noticeable towards inhaled cortico-
steroid therapy. The anticipated doses are insufficient for 
achieving full asthma control within smoking asthmatics 
and there is an inadequate improvement of the respirato-
ry function.

In literature there is a suggestion for an alternative and 
maybe only rational approach in favor of renewing the cor-
ticosteroid sensitivity with low doses of theophylline (Bra-
ganza et al., 2008; Barns 2003), using its anti-inflammato-
ry potential. It is considered that small doses of theophyl-
line products have anti-inflammatory and immunomodu-
latory effects on asthma and on chronic obstructive pul-
monary disease (COPD) (Cosio et al. 2009; Spearset al., 
2009). The low plasma concentrations of theophylline (5-
10mg/L) have an anti-inflammatory effect on asthma and 
COPD, but do not have a bronchodilatatory effect (Barns 
2003). According to Shah et al. and Wang et al. and their 
coworkers, giving ICS and slowly released theophylline 
has the same effect as applying a double dose of ICS and 
that has been proven through asthma control, the symptoms 
and the respiratory function (Shah et al., 2003; Wang et al. 
2005). The latest scientific insights on the effect of smok-
ing on asthma confirm the existence of the altered thera-
peutic response among this specific phenotype of asthmat-
ics and they initiate new studies which would provide bet-
ter methods of treatment (Polosa et al., 2013).

Because of all of these facts it is very important to 
evaluate whether there is any significant influence of the 

usage of inhaled corticosteroids in smokers and non-smok-
ers with asthma on the tests which evaluate asthma control.

The aim of the study was to evaluate the influence 
of inhaled corticosteroids on asthma control test (ACT) 
among smokers and nonsmokers with mild asthma. Objec-
tives of the study was to determinate the improvement of 
ACT during the standard regiment of average therapeutic 
doses of fluticasone propionate in patients with mild asth-
ma (smokers and nonsmokers).

Design of the study

In a randomized, parallel study an investigation was 
done among 38 adult asthmatics up to 50 years old with 
mild asthma. Asthma was previously diagnosed with 
standard tests according to Global Initiative For Asthma 
(GINA) guidelines.The patients were randomized in two 
groups according to gender, age and starting forced expira-
tory volume in 1 second (FEV1), a group of smokers and 
a group of non-smokers, among which the therapeutic re-
sponse to inhaled fluticasone propionate was determined. 
Non-smokers were considered persons who have never 
smoked, or have been smoking only for two years during 
their whole life, or stopped smoking at least one year be-
fore the examination. Smokers were considered those who 
smoked 10-40 cigarettes per day or had a smoking histo-
ry of 2 to 15 years, but without diagnosis of COPD.To dis-
tinct the possible connection to Asthma/COPD Overlap 
Syndrom (ACOS), patients that smoked more than 40 cig-
arettes per day or patients that have been smoking for more 
than 15 years have not been included in the study. 

Methods 

At the beginning of the research, demographic infor-
mation, information about the beginning and the duration 
of the asthma, symptoms of the disease, past diseases, fam-
ily, social and pharmacological anamnesis were obtained 
from the history of the patient. All the smoking patients 
were advised to stop smoking, but those who refused were 
included in the study as asthmatic smokers. 

In all patients the spirometry was performed using a 
Power-Cube spirometer.The therapeutic response to in-
haled fluticasone propionate was determined among pa-
tients before and after 6 weeks of treatment on previously 
steroid-naive patients using the asthma control test (ACT-
TM) questionnaire (Asthma Control Test). They received a 
dose of 250 μg twice daily (total daily dose of 500 μg). As 
a facilitator drug, a short-acting ß2 agonist – bronchodila-
tor, salbutamol from 0.1 mg, per inhaled dose, was used by 
need.  ACT-TM score between 5-19 means poor control of 
asthma and between 20 - 25 means well controlled asthma.

For statistical analysis descriptive methods, a method 
with mean value, standard deviation, Mann-Whitney test 
and confidence interval of 95% (p<0.05) were used.
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Results

Out of 54 screened patients with asthma, 38 were in-
volved in the research (Fig 1). The patients were divided in 
two groups: smokers and non-smokers with asthma. 

Fig. 1. Percentage of included and excluded patients.

There was no significant difference obtained between 
the two groups according to the duration of the asthma be-
fore the examination. (Table 1, Fig.2). There was not a sta-
tistically significant difference in ACT score in smokers 
and nonsmokers before the examination (Table 2; Fig. 3).  .

A statistically positive response (p<0.05) was obtained 
with a comparative analysis among the ACT values after 6 

weeks of treatment among the two examined groups of pa-
tients (Table 3; Fig. 4).

The test for asthma control was worse among asthmat-
ic smokers.

Asthma control test - ACT is a simple tool to assess 
the asthma control in non-smoking and smoking asthmat-
ics (Gurkova et al., 2015). Smoking is associated with 
poor asthma control (Haughney et al. 2008; McLeish et 
al., 2010). In our study we also found that the ACT score 
was worse in smoking asthmatics compared to non-smok-
ing asthmatics before the beginning of the inhaled cortico-
steroid treatment. Another big prospective study on asth-
ma control which was performed in 56 pulmonology cen-
ters in Italy proved that one of the main reasons for lack 
of asthma control, despite poor adherence to therapy and 
comorbidities, was exposure to smoking (Terzano et al., 
2012). After 6 weeks of treatment with an inhaled corti-
costeroid we found weak but statistically significant im-
provement of ACT in both groups of patients although 
there are findings in literature that asthmatic smokers are 
less responsive to inhaled corticosteroid therapy (Thom-
son et al., 2009). Improvement in ACT score was bigger 
in non-smoking asthmatics. Novel therapies could improve 
the outcome in asthma control i.e. combined treatment es-
pecially with extra-fine formulations of inhaled corticoste-
roids and long acting beta2 agonists could improve asthma 
control and pulmonary function among former and current 
smokers with asthma (Brusselle et al., 2012). Second-line 
treatments for asthma also could improve the ACT score 
(Wang et al., 2015).

Table 1. Duration of mild asthma in smokers and non-
smokers

Mean Mean Valid N Valid N Std. Dev. Std. Dev.

6.454545 6.312500 22 16 2.939506 3.458685

Mean % – mean value expressed in percentage of predicted values, SD %  
- standard deviation expressed in percentage of predicted values, Mann-
Whitney U test (p=0.8485)

Fig. 2. Asthma presence before the examination.

Table 2. ACT score in smokers and nonsmokers before 
the examination

Mean Mean Valid N Valid N Std. Dev. Std. Dev.

18.63636 17.50000 22 16 2.300009 1.966384

ACT value- mean % – mean value expressed in percentage of predicted 
values, SD% - standard deviation expressed in percentage of predicted 
values, Mann-Whitney U test (p=0.1334)

Fig. 3. ACT score before the examination.
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There is a need for a larger randomized parallel study 
among asthmatic smokers and non-smokers, a one that 
would study the symptom score, the number of night awak-
enings due to asthma, the frequency of exacerbations of 
asthma and the use of facilitator drugs in order to com-
pletely define the altered therapeutic response towards in-
haled corticosteroids among asthmatic smokers. Parallel to 
that other factors could influence the asthma control, not 
defined only by ACT,  such as the eventual connection of 
the years of smoking (pack years) to the level of the lung 
function, the level of nicotine addiction among the asth-
matic smokers, the presence of atopy to inhalational aller-
gens and concomitant diseases among smokers and non-
smokers with asthma. 

Conclusion

ACT is a reliable tool to assess the effect of the topical 
corticosteroid treatment in non-smoking and smoking asth-
matics. An achievement of better asthma control could be 
expected among both of the examined groups, but the effect 
of the intervention in the therapy is estimated to be more 
expressed within the group of asthmatic non-smokers.
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Клучни зборови: астма, fluticasone propionate, тест за контрола на астмата

Пушењето кај астматичарите ги влошува симптомите на астмата, ги зачестува егзацербациите и хоспитализациите 
и го намалува квалитетот на живот. Кај пушачите со астма, соодветните дози на третман со инхалаторни 
кортикостероиди вообичаено се недоволни за постигнување на тотална контрола на астмата.

Од вкупно 54 скринирани пациенти до 50 годишна возраст со лесна астма, 38 биле вклучени во студијата 
и поделени во две групи: пушачи и непушачи.Тие примиле вкупна дневна доза на 500 µg инхалиран fluticasone 
propionate.  Како лек за итна помош, по потреба, бил користен кратко делувачки ß2 агонист (salbutamol) во доза од 
0.1 mg/ во една инхалација. Астмата била дијагностицирана со позитивен провокациски тест со метахолин и/или 
позитивен бронходилататорен одговор.

Тестот за одредување на контрола на астмата, т.е. ACT-TM прашалникот, беше спроведен на почеток на студијата и 
по 6 недели од третманот со fluticasone propionate кај пациенти кои претходно не биле на терапија со кортикостероиди. 
Добиен е статистички позитивен одговор за ACT-TM (p<0.05) во полза на астматичарите непушачи. 

Се заклучува дека тестот за одредување на контрола на астмата е сигурна алатка за да се одреди ефектот од 
терапијата со тописки кортикостероиди кај пушачи и непушачи со астма. Подобра контрола на астмата може да се 
очекува во двете испитувани групи, но ефектот од интервенцијата во терапијата се проценува дека е поизразен во 
групата на непушачи со астма.

Кај пушачите со астма постои потреба за други тераписки модалитети како што се: зголемување на дозата на 
инхалаторни кортикостероиди, користење на комбинирана терапија и/или додавање на ниски дози на аминофилин.





Macedonian pharmaceutical bulletin, 62 (2) 65 - 72 (2016)
ISSN 1409 - 8695

UDC: 614.26:615.03-053.31
Original scientific paper

A study of off-label and unlicensed medicines use in 
neonatal units

Elizabeta Zisovska1*, Blerina Koshi2,3, Renata Slaveska-Raichki3

 1University Clinic for Gynecology and Obstetrics, Vodnjanska 17, 1000 Skopje, 
Republic of Macedonia

2Department of Pharmacy, Faculty of Medicine, University of Prishtina “Hasan Prishtina”, 
Martyrs Square nn, 10 000 Prishtina, Republic of Kosovo

3Faculty of Pharmacy, University “Ss Cyril and Methodius”, Mother Teresa 47, 1000 Skopje, Republic of Macedonia

Received: November 2016; Accepted: December 2016

 

Abstract

Despite all efforts to improve the on-label use of licensed medicines for neonates, there is still high percentage and demands of off-
label and unlicensed medicines use in neonatal therapy.  Therefore, the general objective of this survey is to provide a description of 
off-label and unlicensed medicines use within the neonatal therapeutic areas in a Department of  Neonatology,  University Clinic for  
Gynecology and Obstetrics, in Skopje, Republic of Macedonia. All analyzed prescriptions were given in accordance with the Evidence 
Based Guidelines applied in the Department. During the three months’ period in 2015, there were given 1595 prescriptions, comprising 
3.99 prescriptions per newborn during the hospital stay. Out of them, 532 (33.3%) were on-label medicine uses, 1052 (66%) were off-label 
medicines, and 11 prescriptions (0.7%) were unlicensed medicines. The results from this study show the high level of off-label medicine 
use in neonatal therapy. These results present only the “top of the iceberg” and require more comprehensive analysis that will gradually 
evolve in a National Guideline on off-label use areas in pediatric medicine, especially for critically ill newborns who are prescribed much 
more life-saving medicines.  

 
Keywords: newborns, prescriptions, off-label medicines, unlicensed medicines
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Introduction 

The practice of off-label prescribing and use 
is a complex issue with advantages and weakness-
es. It refer  to  prescription  of  a  registered  medi-
cine  for  a  use  that  is  not  included  in  the Summary 
of  Product  Characteristics  (SPC),  not listed in the prod-
uct information, the uses outside the terms of their product 
license (approval) disclaimed  in  the  SPC (Kimland et al., 
2007). This practice is a real challenge for any prescriber 

since, as acknowledge, the product information will not in-
clude advice about off-label use and the medicines compa-
nies are unable to promote these practices.

The detailed description of this category of medicines 
is presented in Table 1, although the more frequent cate-
gories are off-label use out of: age, indication, dose/fre-
quency and route of administration. Unlicensed  or  unreg-
istered  medicine use,   is  the use of a  medicine  or  dos-
age  form  of  a  medicine  that  has  not  been  eval-
uated  nor  approved  by  the regulatory  authori-
ties.  These  include  medicines  whose  formula-
tion  is  modified, those  that  are  imported  before  a  li-



66

Maced. pharm. bull., 62 (2) 65 - 72 (2016)

Elizabeta Zisovska, Blerina Koshi, Renata Slaveska-Raichki

cense  has  been  granted; those  that  are  chemicals  used 
for  therapeutic purposes, new drugs/formulations pro-
duced under a “special” manufacturing license or drugs 
that have license in other countries but not in the certain 
(Pandolfini & Bonati 2005; Cuzzolin et al., 2006). 

The principal reason of off-label medicine use is 
to respond to unmet needs of patients in valid situations 
when this use is clinically appropriate or essential. There 
is no legal obstacle to prescribing off-label however, the 
prescriber should be able to justify and support off-label 
prescribing decision and feel competent in using such 
medicines. Actually, in practice, this approach is not 
different from what should ideally be done for the rational 
prescribing of any medicine. 

Consequently it is a common practice in paediatric 
pharmacotherapy, since the labelling information about ap-
propriate use of medicines in this population group is lack-
ing. On the other hand, pharmaceutical researches are re-
luctant to enrol children in clinical trials, often based on li-
ability fears (Dresser & Frader 2009). Especially, neona-
tologists have almost no choice but to prescribe off-label 
or unlicensed drugs because their patients are rarely en-
tered into trials of new medications (Palčevski et al., 2012). 

While off-label medicines use is not illegal, and may 
sometimes be the only appropriate, it is associated with im-
portant clinical and ethical concerns which need to be con-
sidered when assessing overall benefits and risks (Bavdek-
ar & Gogtay 2005; Gazarian et al., 2006). 

The health outcomes of unapproved medicines use in 
the neonatal population are not systematically evaluated, 
which compounds the original problem by even further 
limiting the evidence base for future treatment decisions. 
This is particularly true for safety outcomes, with gross 
under-reporting of adverse drug reactions, which may be 
even more pronounced for unapproved vs. approved uses 
of medicines. However, there is now accumulating evi-

dence of resulting harm, with increased incidence and se-
riousness of adverse drug reactions associated with off-
label and unlicensed medicines use in neonates (Ufer et 
al., 2004; Miller et al., 2007). Even the so-called Pediatric 
Regulation (Regulation No 1901/2006), whose one of the 
key objectives is to reduce the off-label use of medicines in 
the pediatric population, cannot entirely solve this problem 
and the practice of off-label use will remain an issue (Eu-
ropean Commission, 2013). 

Therefore, the aim of this study was to investigate, an-
alyze and present the extent and manner of use of medi-
cines that are either outside the terms of their product li-
cense (off-label), or are unlicensed within the neonatal 
therapeutic areas.

Materials and methods

The setting for this research was at the Department of 
Neonatology within the University Clinic for Gynecology 
and Obstetrics, in Skopje, Republic of Macedonia. This 
Clinic is a tertiary level hospital care with approximately 
6000 deliveries per year. The Department of Neonatology 
itself consists of three Units: classical Intensive Care Unit 
(ICU) which contains 22 intensive beds; Transitional Care 
Unit (TCU), containing 15 beds for full term or near term 
newborns that require close monitoring or therapy, but not 
intensive care; and Routine Care Unit (RCU) for healthy 
full term newborns, which are rooming in with their 
mothers during the whole hospital stay until discharge. 

This study was designed as a pilot cohort study, 
prospectively conducted during the period of three 
months in 2014 (beginning of March –end of June) and 
involving 400 admitted neonates to the three units of the 
Department of Neonatology. The sample of patients for the 
study included: a) 200 successively admitted neonates to 

Table 1. Detailed description of broader off-label categories

Off-label category Description

Age Age ranges specified in the SPC do not include neonatal period 

Weight Medicine use is not recommended for the neonatal patients below a
 certain weight in the SPC

Information Absence of  information in the SPC of  medicine treatment to neonatal patients 
Clinical data/trials Stated lack of scientific data or clinical studies on drug efficacy and

safety for  neonates in the SPC 

Contraindication Medicine use when there is a specific contraindication to neonatal period stated in the SPC 

Indications Medicine prescribed for indications in neonatology not listed in the SPC

Route of administration Medicine administered by a route not approved according to the SPC 

Dose/frequency Medicine dose /frequency not stated in SPC
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the ICU, 152 of them were preterm neonates and 48 full 
term ill neonates; b) 100 full term neonates successively 
admitted to the TCU; c) 100 successively born, full term 
healthy neonates, rooming in with their mothers in RCU. 
Patients were categorized based on their gestational age to 
preterm (<37 weeks) and full-term (≥37 weeks) newborns.

Since there were no human beings involved directly 
in the study (only the medication charts were analyzed, 
and the treatment was based on the nationally approved 
Clinical Guidelines), and none of the information used in 
the research contained any references to patient identity, 
it was considered ethically appropriate without official 
Ethical Committee approval.

Exclusion criteria regarding investigated medicines: 
1) Standard intravenous replacement solutions; 2) Flushes 
of 0.9% sodium chloride or heparin; 3) Blood products; 
4) Oxygen; 5) Vitamin supplements (except Vitamin K in 
prophylaxis); 6) Topical ointments and solutions;7) Total 
parenteral nutrition prepared in Hospital  Pharmacy.

A data collection form was designed and used for 
further analysis. The data were imported and analyzed 
in a database (Microsoft Access, 2000). The information 
about all drug prescriptions were derived out from the 
clinical records of the admitted patients in the Department 
of Neonatology, and transferred to the database. Details 
recorded included: patient’s birth number, date of birth, 
weight, gestational age and diagnosis, indication for 
drug use, medicines administered, date and route of 
administration, dose and frequency.  

Firstly, all prescribed medicines were analyzed with 
regard to their license status (licensed or unlicensed) then 
the licensed medicines were classified in accordance to on-
label or off-label uses.  

Results and discussion

In the cohort group as whole, 1595 prescriptions were 
given according to the medical condition and indication 
in accordance with the Macedonian Evidence based 
Guidelines  applied in the Department of Neonatology 
(Ministry of Health, n.d.), which comprised 3.99 
prescriptions per newborn during the hospital stay. Out of 
them, 33.3% were on-label medicine uses, 66% were off-
label medicines, and 0.7% of prescriptions were unlicensed 
medicines (Table 2). 

Table 2. Distribution of prescriptions according to the 
license status of the medicines

Category of 
medicines Prescriptions of medicines 

(Total n=1595)
n %

On-label 532 33.3

Off-label 1052 66.0

Unlicensed 11 0.7
n-number of prescriptions.

The further analysis showed 2.63 prescriptions of off-
label medicines/newborn, 0.03 prescriptions of unlicensed 
medicines/newborn, and 1.33 prescriptions/newborn for 
licensed, on-label medicines, appropriate from each point 
of view (Fig. 1).    

The results were more specific regarding the severity 
of the medical conditions of the admitted newborns, when 
presented in details for each Unit.

Fig. 1. Comparison of drug use among the subgroups of investigated patients.
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In the neonatal ICU, there were in total 6.54 
prescriptions/newborn. The research came up with different 
results for premature neonates and full term neonates (7.31 
and 4.1 respectively). The detailed analysis showed 1.39 
prescriptions/neonate on-label medicines (premature 
neonate 1.4 and full term 1.33); 5.1 prescriptions/neonate 
off-label medicines (5.8 premature and 2.75/full term 
ill newborns), and 0.055/neonate unlicensed medicines 
(0.06/premature and 0.021/full term ill neonate) (Fig. 1). 
Out of them, 21.3% were licensed on-label medicines, 
77.9% were licensed off-label medicines, and 0.8% were 
unlicensed medicines (Table 3).

In both units, TCU and RCU, where near term or full 
term neonate are admitted (not severely ill or healthy) the 
distribution of the prescriptions was completely different. 
From the medical history, the following data was retrieved: 
in total, there were 1.8 prescriptions/newborn in TCU; 
more precisely, there were 1.5 prescriptions/neonate 
on-label medicines; 0.3 prescriptions/neonate off-label 
medicines, and no unlicensed medicines (Fig. 1). Out of 
them, 84.1% were licensed on-label medicines, 15.9% 
were licensed off-label medicines. In addition, in the other 
Unit, the RCU, there were 1.06 prescriptions/neonate on-
label medicines, 0.04 prescriptions/neonate off-label, and 
no unlicensed medicines. Presented in proportions, 96.4 

% were on-label and only 3.6% were off-label because of 
different terms of inappropriateness (Table 4).

The most frequently prescribed off-label drug at the 
Department of Neonatology was imipenem and five most 
frequently prescribed off-label drugs of all prescriptions 
are presented in Table 5.

To the best of our knowledge, this is the first study 
evaluating off-label and unlicensed drug uses in newborns 
in the country and in the region of South Eastern European 
Countries. This Clinic is a tertiary level of care hospital, 
where all high-risk pregnant women are transferred as 
“transport in utero” for further care and delivery, and thus 
mostly of the newborns are admitted to the NICU or TCU. 

Majority of them are very preterm, or critically ill, 
requiring intensive care and multidrug treatment, clearly 
presented in Figure 1.

There was statistically significant difference in the 
results of off-label drug use between the premature 
newborns admitted in the NICU and all other groups, as 
follows: p<0.05 for the difference between premature 
newborns in NICU and full term newborns in NICU and 
p<0.01 between the premature newborns in NICU and all 
other newborns in TCU and RCU.

The results presented in our paper show differences 
when compared to some of the other studies (Table 6). In 

Table 3. Distribution of prescriptions among the neonates (premature and full term ill) admitted to ICU

Category of medicines P1
(pn n=152)

P2
(ftin n=48)

P3
(ne n=200)

n % n % n %
On-label 214 19.2 64 32.5 278 21.3
Off-label 888 79.9 132 67 1020 77.9
Unlicensed 10 0.9 1 0.5 11 0.8
All medicines 1112 100 197 100 1309 100

P1- prescriptions for premature neonates in ICU; P2- prescriptions for full term ill neonates in ICU; P3- prescriptions for all neonates in ICU; pn n- number 
of premature neonates; ftin n- number of full term ill neonates; ne n- number of all neonates.

Table 4. Distribution of the prescriptions among the neonates admitted to TCU and RCU

Category of medicines P4
(ne n=152) P5

(ftne n=48)
n % n %

On-label 148 84.1 106 96.4

Off-label 28 15.9 4 3.6

Unlicensed 0 0 0 0

All medicines 176 100 110 100
P4- prescriptions for neonates in TCU; P5- prescriptions for full term neonates in RCU, rooming in with their mothers; ne n- 
number of neonates; ftne n- number of full term neonates.
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these studies, off-label drug use varies between 7-65% and 
unlicensed use between 4.4-28%, which is not surprising 
due to the variability the study design, inconsistency 
between the settings, in terms of the severity of diseases 
and indications among the patients (maternity hospital 
vs. pediatric hospital care), category of Unit (NICU vs. 
Ordinary Unit), etc. Moreover, the definitions of off-
label and unlicensed use vary between different surveys, 
therefore the comparison of the results of these studies is 
not directly possible. 

Table 5. Five most frequently prescribed off-label drugs 
of all prescriptions 

Rank Five most frequently prescribed off-
label drugs 

1st Imipenem
2nd Diazepam
3rd Gentamicin
4th Indomethacin
5th Furosemide

Higher off-label and unlicensed prescription rates has 
been found in settings offering more sophisticated care, or 
in which the patients present more complex disease pro-
cesses (Czarniak et al., 2015). In an international literature 
review (Lindell-Osuagwu et al., 2009) it was noted that 88-
90% of infants in NICU-s receive off-label or unlicensed 
drugs. The results of our study confirm these findings, with 
a significant higher rate of off-label prescriptions found in 
NICU compared to TCU and RCU.

Compared to other studies, there is variability between 
the results of off-label and unlicensed prescription in NI-
CU-s, with higher proportion of off-label prescriptions, but 
lower unlicensed prescriptions found in our study com-
pared to those conducted in England (Conroy et al.,1999), 
Australia (O’Donnell et al., 2002), Italy (Dell’Aera et al., 

2007), Ireland (Kieran et al., 2014) and Portugal (Silva et 
al., 2015). On the other hand, in a France study (Nguyen et 
al., 2011) involving neonatal units without intensive care, 
the rate of off-label prescriptions was 29.4%, which is pret-
ty much higher compared to our study (in TCU and RCU). 
With regards to unlicensed prescriptions, they comprised 
16.6% of total prescriptions, whereas there were no unli-
censed prescriptions in our study (in TCU and RCU). 

In a previous study conducted in similar neonatal units 
(NICU and intermediate-level wards of neonatal care) 
(Lass et al., 2011), the rate of off-label prescriptions was 
almost the same (65%), but compared to our study, the 
extent of unlicensed prescriptions was totally different, 
with 22% of all prescriptions being unlicensed. 

The small number of unlicensed medicines use found 
in our study was probably due to the tide regulation about 
unlicensed medicine use in our country.

Direct comparison of different study results for drug 
utilization is often not possible, as well, due to the lack 
of uniform methods, for example, which drugs are to be 
included in the study. In a German study (Neubert et al., 
2010), the median number of prescriptions per newborn 
was 11.1, which is almost twofold higher rate compared 
to our results for the drug prescriptions in the NICU.  High 
amount of drugs use was also reported in recent studies 
conducted in Finland (Lindell-Osuagwu et al. 2014), 9 pre-
scriptions/newborn and Spain (Blanco-Reina et al. 2016), 
8.3 prescription/newborn. Whilst, in some other studies the 
drug utilization was smaller, with a median number of 5.5 
prescriptions/newborn in Italy (Dell’Aera et al., 2007) and 
4 prescriptions/newborn in Ireland (Kieran et al., 2014). 

With regards to the most frequently prescribed off-
label medicines, indomethacin and furosemide were pre-
scribed off-label for different indications (indometha-
cin for patent ductus arteriosus and furosemide for chron-
ic lung disease), gentamicin was regarded as off-label for  
dose and/or frequency, diazepam formulation for intrave-
nous use  was used for different route of administration 

Table 6. Studies of off-label and unlicensed drug use in hospital setting of  neonatal health care

Number of 
patients in 

study

Total 
number of 

prescriptions

Off-label 
medicines uses 

(%)

Unlicensed 
medicines uses 

(%)
Country, year and reference

70 455 55 10 England, 1999 (Conroy et al., 1999)

293 1017 44 28 Holland, 2001 (’t Jong et al., 2001)

97 1442 47 11 Australia, 2002 (O’Donnell et al., 2002)

35 176 51 12 Italy,2007 (Dell’Aera et al., 2007)

108 628 7 11 Finland, 2009 (Lindell-Osuagwu et al., 2009)

490 1981 65 22 Estonia, 2011 (Lass et al., 2011)

110 900 39 19 2014, Ireland (Kieran et al., 2014)

218 1011 52.7 4.4 2015, Portugal (Silva et al., 2015)
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(rectally in the case of neonatal seizures) while imipenem 
was used out of age range (it is licensed for use in infants 
above 3 months of age). 

All off-label and unlicensed medicines were 
administered according to the current Guidelines, evidence-
based and regularly updated but, the level of evidence for 
majority of the recommendations was not very high. These 
data further confirm the findings of previous researchers in 
the field, that there is a lack of knowledge about the efficacy 
and safety in neonatal therapy.  In general, off  label use 
pattern in the one hand attempts to provide appropriate 
dosage form for patient but on the other hand runs the risk of 
errors in compounding, dispensing or administration. The 
bioavailability of such adjusted medicine is unpredictable 
and there may be no compatibility and/or stability data 
available. 

The specific difficulties for the therapy are in close 
link to the diagnostic dilemmas for newborns, and the 
appropriateness of the level of care. Important point for 
discussion is the cross-matching between the Guidelines 
and availability of licensed and on-label medicines (Guyatt 
et al., 1999; Ansani et al., 2006; Glasziou et al., 2007). 

Conclusions

The results presented above present only the “top of 
the iceberg” but there is a lot of work that has to be done 
in the near future. Nowadays, a growing and stronger 
demand is observed in off-label medicines, they will be 
in continuum prescribed within the neonatal therapy and 
this practice will not be excluded from the evidence based 
Guidelines. In fact, the majority of off label uses have 
made substantial progress in treating newborns, especially 
those critically ill and premature ones. However, the 
evidence for their efficacy and safety is not on high level, 
and information on adverse effects is lacking. All these 
facts require further work and research in this area. This 
particular study has additionally initiated in depth analysis 
of the type of pharmaceutical formulations, unlicensed 
reformulation before administration which were mostly 
used, pharmacological groups, license status, indications, 
etc., and the results are intended to be published later as 
continuum on this topic. Despite the considerable off-label 
medicines use there is little guidance for prescribers in 
neonatology

Improving drug information for physicians but also for 
the public is one of the crucial activities in the field of neo-
natal pharmacotherapy. It could be only achieved by iden-
tification of  real needs within the neonatal treatment, in-
tensive and systematic   research  agenda and by provid-
ing a National Guideline on off-label use areas in pediatric 
medicine,  which  in  turn  should  result  in  more  use-
ful  new  knowledge  to  facilitate future  treatment  deci-
sions.
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Резиме

Студија неодобрена употреба на лекови и употреба на 
нерегистрирани лекови во одделите за неонатологија  

Елизабета Зисовска1*, Блерина Коши 2,3, Рената Славеска Раички 3
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Клучни зборови: новородени, пропишување, лекови користени надвор од означувањето, нелиценцирани лекови

Покрај сите напори vo neonatalnata терапија да се подобри употребата на лиценцирани лекови кои се користат 
согласно нивната ознака, сé уште има висок процент и потреба за неодбрена употреба на лиценцирани лекови и 
употреба  на  нелиценцирани лекови. Затоа, главна цел на оваа студија е да се прикаже употребата на лиценираните 
лекови за неодобрена употреба и на нелиценцираните лекови во терапевтските области од  неонатологијата во Одделот 
за неонатологија при Универзитетска клиника за гинекологија, Скопје, Република Македонија.Сите анализирани 
лекови се дадени во согласност со тековните Клинички упатства засновани на докази. Во текот на тримесечен 
период во 2014/15 година  дадени се 1595 прeскрипции , што изнесува 13,99 прeскрипции/новороденче во текот на 
престојот во болница, Од нив, 535(33.3%)  биле лекови користени според означувањето, 1052 (66%) се лекови надвор 
од означувањето, и 11 прескрипции (0,7%) биле  нелиценцирани лекови. Резултатите од оваа студија покажуваат 
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високa стапка на користење на лекови надвор од означувањето во неонаталната терапија. Овој резулатат претставува 
само „врв од санта мраз“, што бара подетална анализа која што  постепено треба да прерасне во национален водич во 
областа на примена на лиценирани лекови за неодобрена употреба во педијатриската медицина, посебно за критично 
болните новородени за кои се пропишуваат многу повеќе лекови.
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areas of medical and other life sciences are also welcomed.

The Macedonian  Pharmaceutical Bulletin, also, pub-
lishes and other contributions (recommendations and an-
nouncements, reports of meetings, important events and 
dates, book reviews, various rubrics).

Types of paper 

Original scientific papers (full length manuscripts) 
should contain own unpublished results of completed orig-
inal scientific research. 

Short communications also should contain completed 
but briefly presented results of original scientific research. 
The article should be prepared as described for full length 
manuscripts, except for the following: the number of pag-
es should not exceed 10 (including 2 illustrations, figures 
or tables). An Abstract should be included as well as a full 
reference list.

Reviews and mini-reviews are written at the invitation 
of the Editorial Board. “Mini-reviews” of a topic are espe-
cially welcome.

They should be surveys of the investigations and 
knowledge of several authors in a given research area, the 
competency of the authors of the reviews being assured by 
their own published results. 

Professional papers report on useful practical results 
which are not original but help the results of the original 
scientific research to be adopted into practical use. Profes-
sional papers might be based on the elaborating of theoret-
ical data. 

Language

Original scientific papers, short communications, re-
views and mini-reviews should be written in good English 
(American or British usage is accepted, but not a mixture 
of these), while professional papers and all other contribu-
tions may be submitted in Macedonian.

Submission declaration

Submission of an article implies that the work de-
scribed has not been published previously (except in the 
form of an abstract or as part of a published lecture or ac-
ademic thesis), that it is not under consideration for publi-
cation elsewhere, that its publication is approved by all au-
thors and tacitly or explicitly by the responsible authorities 
where the work was carried out, and that, if accepted, it 
will not be published elsewhere in the same form, in Eng-
lish or in any other language.

Policy and ethics 

The work described in your article must have been 
carried out in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki) 
for experiments involving humans http://www.wma.net/
en/30publications/10policies/b3/index.html; 

EC Directive 86/609/EEC for animal experiments 
http://ec.europa.eu/environment/chemicals/lab_animals/
legislation_en.htm; 

Uniform Requirements for manuscripts submitted to 
Biomedical journals http://www.icmje.org. This must be 
stated at an appropriate point in the article.

Submission 

Please submit the manuscript electronically (e-mail 
address: magl@ff.ukim.edu.mk) as a single PDF file, 
which will be used in the peer-review process. All corre-
spondence, including notification of the Editor’s decision 
and requests for revision, takes place by e-mail removing 
the need for a paper trail.
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Referees 

Please submit, with the manuscript, the names, ad-
dresses and e-mail addresses of 3 potential referees. Note 
that the editor retains the sole right to decide whether or not 
the suggested reviewers are used.

Papers received by the Editorial Board are sent to ref-
erees. The suggestions/comments of the referees and Edi-
torial Board are sent to the author(s) for further action. The 
revised article should be returned to the Editorial Board as 
soon as possible but in not more than 30 days.

Preparation of manuscripts

Use of wordprocessing software 

It is important that the file be saved in the native for-
mat of the wordprocessor used. The text should be typed (1 
½ spaced) on A4 paper with margins of 3.0 cm on each side 
in single-column format, font Times New Roman, Mac C 
Times, Macedonian Times and size 11, Keep the layout of 
the text as simple as possible. Most formatting codes will 
be removed and replaced on processing the article. In par-
ticular, do not use the wordprocessor’s options to justify 
text or to hyphenate words. However, do use bold face, 
italics, subscripts, superscripts etc. When preparing tables, 
if you are using a table grid, use only one grid for each in-
dividual table and not a grid for each row. If no grid is used, 
use tabs, not spaces, to align columns. The electronic text 
should be prepared in a way very similar to that of conven-
tional manuscripts. To avoid unnecessary errors you are 
strongly advised to use the “spell-check” and “grammar-
check” functions of your wordprocessor.

The pages in the article should be numbered. 
Finally, please create PDF file before sending the arti-

cle. After acceptance, you will be asked to supply the arti-
cle as wordprocessing document (zip-file).

Appendices 

If there is more than one appendix, they should be 
identified as A, B, etc. Formulae and equations in appen-
dices should be given separate numbering: Eq. (A.1), Eq. 
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. 
Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Abbreviations 

Define abbreviations that are not standard in this field 
in a footnote to be placed on the first page of the article. 
Such abbreviations that are unavoidable in the abstract 
must be defined at their first mention there, as well as in 
the footnote. Ensure consistency of abbreviations through-
out the article.

Units 

Follow internationally accepted rules and conventions: 
use the international system of units (SI). If other units are 
mentioned, please give their equivalent in SI.

The names of substances should be in accordance with 
the IUPAC recommendations and rules or Chemical Ab-
stracts practice.

Math formulae 

Present simple formulae in the line of normal text 
where possible and use the solidus (/) instead of a horizon-
tal line for small fractional terms, e.g., X/Y. In principle, 
variables are to be presented in italics. 

Footnotes 

Footnotes should be used sparingly. Number them 
consecutively throughout the article, using superscript Ar-
abic numbers. Many wordprocessors build footnotes into 
the text, and this feature may be used. Should this not be 
the case, indicate the position of footnotes in the text and 
present the footnotes themselves separately at the end of 
the article. Do not include footnotes in the Reference list. 

Table footnotes 

Indicate each footnote in a table with a superscript 
lowercase letter.

Figures

Figures (photographs, diagrams and sketches) and 
structural formulae should each be given on a separate 
sheet (the place to which they belong in the text should be 
indicated). The figures should be numbered in Arabic nu-
merals (e.g. Fig. 1). Ensure that each illustration has a cap-
tion. Supply all captions separately, not attached to the fig-
ure. A caption should comprise a brief title (not on the fig-
ure itself) and a description of the illustration. Keep text in 
the illustrations themselves to a minimum but explain all 
symbols and abbreviations used.

Please submit the pictures in a black and white version.

Tables 

The tables should be numbered in Arabic numerals 
(e.g. Table 1) and each should be given on a separate sheet 
(the place to which they belong in the text should be in-
dicated). Number tables consecutively in accordance with 
their appearance in the text. Place footnotes to tables be-
low the table body and indicate them with superscript low-
ercase letters. Be sparing in the use of tables and ensure 
that the data presented in the tables are not duplicated else-
where in the article.
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Article structure 

Manuscript should contain: title, abstract, key words, 
introduction, material and methods, results and discussion, 
conclusion, acknowledgment (if desired) references and 
summary.

Subdivision 

Divide your article into clearly defined sections (Ab-
stract, Introduction, Material and methods. etc.). Any sec-
tion or subsection may be given a brief heading. Each 
heading should appear on its own separate line. 

Essential title page information 

Papers should be preceded by a title page comprising: 
the title, the complete name(s) of the authors, and the au-
thor’s affiliations.

Title. Concise and informative. Avoid abbreviations 
and formulae where possible.

Author names and affiliations. Where the family 
name may be ambiguous (e.g., a double name), please in-
dicate this clearly. Present the authors’ affiliation address-
es (where the actual work was done) below the names. In-
dicate all affiliations with a lower-case superscript arabic 
number immediately after the author’s name and in front of 
the appropriate address. Provide the full postal address of 
each affiliation, including the country name of each author.

Corresponding author. Clearly indicate (with *) who 
will handle correspondence at all stages of refereeing and 
publication, also post-publication. Ensure that telephone and 
fax numbers (with country and area code) are provided in ad-
dition to the e-mail address and the complete postal address. 

Each paper must begin with an Abstract which should 
not exceed more than 250 (original scientific and profes-
sional papers) or 100 (short communications) words. The 
abstract should state briefly the purpose of the research, the 
principal results and major conclusions. References should 
be avoided, but if essential, then cite the author(s) and 
year(s). Also, non-standard or uncommon abbreviations 
should be avoided, but if essential they must be defined at 
their first mention in the abstract itself. Immediately after 
the abstract, provide a list of 3 to 6 keywords arranged in 
the order according to their importance.

Introduction 

State the objectives of the work and provide an ade-
quate background, avoiding a detailed literature survey or 
a summary of the results. 

Material and methods 

Provide sufficient detail to allow the work to be repro-
duced. Methods already published should be indicated by a 

reference: only relevant modifications should be described. 
Manuscripts which are related to theoretical studies, in-
stead of Material and methods, should contain a sub-head-
ing and the Theoretical background where the necessary 
details for verifying the results obtained should be stated.

Results 

Results should be clear and concise.

Discussion 

This should explore the significance of the results of 
the work, not repeat them. A combined Results and Discus-
sion section is often appropriate. Avoid extensive citations 
and discussion of published literature.

Conclusions 

The main conclusions of the study may be presented 
in a short Conclusions section, which may stand alone or 
form a subsection of a Discussion or Results and Discus-
sion section.

Acknowledgements 

Collate acknowledgements in a separate section at the 
end of the article before the references and do not, there-
fore, include them on the title page, as a footnote to the ti-
tle or otherwise. List here those individuals who provid-
ed help during the research (e.g., providing language help, 
writing assistance or proof reading the article, etc.).

References

Citation in text 
Please ensure that every reference cited in the text is 

also present in the reference list (and vice versa). Any ref-
erences cited in the abstract must be given in full. Unpub-
lished results and personal communications are not rec-
ommended in the reference list, but may be mentioned in 
the text. If these references are included in the reference 
list they should follow the standard reference style of the 
journal and should include a substitution of the publication 
date with either “Unpublished results” or “Personal com-
munication”. Citation of a reference as “in press” implies 
that the item has been accepted for publication and a copy 
of the title page of the relevant article must be submitted.

Web references 
As a minimum, the full URL should be given and the date 

when the reference was last accessed. Any further information, 
if known (DOI, author names, dates, reference to a source pub-
lication, etc.), should also be given. Web references can be list-
ed separately (e.g., after the reference list) under a different 
heading if desired, or can be included in the reference list.



76

Maced. pharm. bull., 61 (1) 73 - 76 (2015)

Editor

Reference style 
Text: All citations in the text should refer to: 
1. Single author: the author’s name (without initials, 

unless there is ambiguity) and the year of publication; 
2. Two authors: both authors’ names and the year of 

publication; 
3. Three or more authors: first author’s name followed 

by “et al.” and the year of publication. 
Citations may be made directly (or parenthetically). 

Groups of references should be listed first alphabetically, 
then chronologically. 

Examples: “as demonstrated (Allan, 1996a, 1996b, 
1999; Allan and Jones, 1995). Kramer et al. (2000) have 
recently shown....” 

List: References should be arranged first alphabeti-
cally and then further sorted chronologically if necessary. 
More than one reference from the same author(s) in the 
same year must be identified by the letters “a”, “b”, “c”, 
etc., placed after the year of publication. 

Examples: 
Reference to a journal publication: 
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2000. 

The art of writing a scientific article. J. Sci. Commun. 163, 
51–59. 

Reference to a book: 
Strunk Jr., W., White, E.B., 1979. The Elements of 

Style, third ed. Macmillan, New York. 
Reference to a chapter in an edited book: 
Mettam, G.R., Adams, L.B., 1999. How to prepare an 

electronic version of your article, in: Jones, B.S., Smith, 
R.Z. (Eds.), Introduction to the Electronic Age. E-Publish-
ing Inc., New York, pp. 281–304.

Journal abbreviations source 
Journal names should be abbreviated according to 
Index Medicus journal abbreviations: http://www.nlm.

nih.gov/tsd/serials/lji.html 
List of serial title word abbreviations: http://www.issn.

org/2-22661-LTWA-online.php; 
CAS (Chemical Abstracts Service): http://www.cas.

org/sent.html.
Manuscripts written in English should contain a Sum-

mary in Macedonian at the end of the paper. The summa-
ry should contain: title, author(s) full-name(s), surname(s), 
author’s affiliations (institution and address), key words 
and abstract. Professional papers written in Macedonian 
should contain a summary in English in which the same 
data should be included.

Submission checklist 

It is hoped that this list will be useful during the final 
checking of an article prior to sending it to the journal’s 

Editor for review. Please consult this Guide for Authors for 
further details of any item. 

Ensure that the following items are present: 
One Author designated as corresponding Author:
- E-mail address 
- Telephone and fax numbers 
- All necessary files have been uploaded
- Keywords
- All figure captions 
- All tables (including title, description, footnotes)
- Further considerations: Manuscript has been 

“spellchecked” and “grammar-checked”
- References are in the correct format for this jour-

nal 
- All references mentioned in the Reference list are 

cited in the text, and vice versa 
- Permission has been obtained for use of copy-

righted material from other sources (including the 
Web) 

After acceptance

Proofs 

One set of page proofs (as PDF files) will be sent by 
e-mail to the corresponding author. Please list the correc-
tions and return them via e-mail. If, for any reason, this 
is not possible, then mark the corrections and any other 
comments on a printout of your proof and return by fax, 
or scan the pages and e-mail, or by post. Please use this 
proof only for checking the typesetting, editing, complete-
ness and correctness of the text, tables and figures. Signif-
icant changes to the article as accepted for publication will 
not be accepted. 

We will do everything possible to get your article pub-
lished quickly and accurately. Therefore, it is important to 
ensure that all of your corrections are sent back to us in one 
communication: please check carefully before replying, as 
inclusion of any subsequent corrections cannot be guaran-
teed. Proofreading is solely your responsibility. Note that 
Macedonia Pharmaceutical Bulletin may proceed with the 
publication of your article if no response is received.

Offprints 

The corresponding author, at no cost, will be provided 
with a PDF file of the article by e-mail. The PDF file is a 
watermarked version of the published article and includes 
a cover sheet with the journal cover image.

Additional paper offprints can also be ordered for an 
extra charge. 


