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Молекулярно лечение на рака
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Обзори / Reviews

Резюме

Злокачествените тумори са едни от най-из-
следваните заболявания, но прилаганото ле-
чение често е неуспешно. Ракът все още е едно 
огромно предизвикателство пред медицината и 
човечеството. Хирургичното лечение, стандарт-
ната химиотерапия и лъчевата терапия доказаха 
своята ефективност при някои видове рак при 
човека. Голям брой пациенти с рак, за съжаление, 
не отговарят дори на комбинирано лечение. Не-
обходимостта от създаването и използването на 
нови подходи в лечението на рака е неизбежна. 
Проучванията на биологични промени при рака 
допринесоха за въвеждането на прицелното мо-
лекулярно лечение. Избирателното атакуване на 
молекулярни мишени и възстановяването на ув-
редени противотуморни механизми се налагат 
като незаменима част от съвременното лечение 
на рака. Молекулярното лечение на рака засега е 
свързано със забележителни постижения, но и с 
много трудности и провали. Молекулярното ле-
чение на рака несъмнено ще помогне в битката с 
това смъртоносно заболяване.

Ключови думи: рак, цел, молекулярно ле-
чение, проучване
 

Abstract

Malignant tumors are among the most studied 
diseases, but the applied treatment is often unsuc-
cessful. Cancer is still a great challenge for the medi-
cine and human race. Surgical treatment, standard 
chemotherapy and radiotherapy proved their effica-
cy in some types of human cancers. A large number 
of cancer patients, unfortunately, do not respond 
even to combined treatment. The necessity of crea-
tion and utilization of new approaches in the cancer 
treatment is inevitable. The investigations of bio-
logical alterations in the cancer contribute for the 
implementation of the molecular targeted therapy. 
Selective attack on molecular targets and the resto-
ration of impaired antitumor mechanisms are im-
posed as irreplaceable part of contemporary cancer 
therapy. At present, the molecular therapy of cancer 
is connected with remarkable achievements, but 
and with a lot of hardships and failures. Molecular 
cancer therapy undoubtedly will help in the battle 
with this lethal disease.

Key words: cancer, target, molecular therapy, 
study
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Introduction

Cancer is а multistage process of malignant 
transformation of normal cells. Hallmarks of 
cancer consist of self-sufficiency in growth sig-
nals, insensitivity to antigrowth signals, evasion 
of programmed apoptosis and host immune 
control, limitless replicative potential, sustained 
angiogenesis, tissue invasion and metastasis, 
and disturbed energy metabolism (13). The 
complex nature of human cancers deters the in-
vention of universal cancer therapy. The action 
of classical anticancer drugs is based on the in-
terference with the DNA replication machinery 
resulting in DNA damage, and disruption of cell 
division by affecting microtubules. Efficacy of 
chemotherapeutic agents depends basically on 
increased cell proliferation and impaired abil-
ity to repair DNA damage. Chemotherapeutics 
are supposed to work mostly in cycling cells, 
although these agents are occasionally effective 
in therapy of solid tumors with a long doubling 
time. Unfortunately, chemotherapy is often as-
sociated with serious side effects, resistance 
and unsatisfactory results. Molecular targeted 
therapy of cancer is an option to overcome the 
poor prognosis in cancer patients.

Monoclonal antibodies in cancer 
therapy

Monoclonal antibodies (mAbs) are among 
the most exploited agents in targeted cancer 
therapy that take advantage of the strictly dif-
ferentiated structure of cell surface (Table 1). 
Preferably, cancer specific antigens have to be 
expressed readily and uniformly on cancer cell 
surface with negligible secretion in order to 
avoid undesirable binding to circulating anti-
body. Action of mAbs is based upon connection 
and blockade of cell receptor/ligand or agonist 
impact, promotion of immunologic answer, in-
duction of apoptosis, and manipulation of tu-
mor stroma and neoangiogenesis. There are 
multiple mAbs that inhibit mitogenic pathways 
directly. Blockade of the extracellular EGFR/
HER1 domain with cetuximab disrupts the li-

gand-independent downstream signaling and 
reduces proliferation in cancer cells. Cetuximab 
is applied in the therapy of metastatic colorectal 
cancer (CRC), head and neck cancer, and in pan-
creatic cancer in combination with gemcitabine 
(32). Notably, cetuximab resistance is found 
in patients with mutant K-Ras. Panitumumab, 
another EGFR mAb, is used in the treatment 
of wild-type KRAS refractory metastatic CRC 
(35). Amplification or overexpression of HER2 
receptor is found in approximately 20% of in-
vasive breast cancers. Clinical data confirmed 
the benefit of HER2 directed mAb trastuzumab, 
coupled with chemotherapy in patients with 
HER2-positive advanced breast cancer (12). 
Unfortunately, despite the benefit of trastuzum-
ab therapy, the disease is almost always pro-
gressing. In 2010, FDA approved trastuzumab 
in combination with cisplatin/fluoropyrimi-
dine for the treatment of HER2-overexpressing 
metastatic gastric or gastroesophageal junction 
adenocarcinoma. Promising data ensued from 
recent phase 2 studies that assessed the effi-
cacy and safety of new drug pertuzumab plus 
trastuzumab plus docetaxel in HER2-positive 
breast cancer patients (2). Pertuzumab also 
inhibits HER2 signaling and induces antibody 
dependent cell-mediated cytotoxicity (ADCC) 
like trastuzumab, but the new drug is attached 
to different epitope of the HER2 extracellular 
domain and prevents dimerization with other 
HER receptors. Development of drug resistance 
via secondary mutations of HER1 or overex-
pression of hepatocyte growth factor receptor 
(c-Met) and HER3 is observed during the ther-
apy directed to HER1 and HER2. All these mo-
lecular alterations let the targeted downstream 
signaling pathways to continue uninterrupted.

Bone metastases and cancer related bone 
pain are extremely unsusceptible to treatment. 
Denosumab (Xgeva), an agent indicated for can-
cer patients with metastatic bone lesions, binds 
the receptor activator of NF-κβ ligand (RANKL) 
that participates in osteoclast activation. A large 
randomized study showed that Denosumab 
(Prolia) could postpone the bone metastasis in 
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men with prostate cancer (29). Antibodies are 
also harnessed to inhibit cancer neovasculari-
zation. Bevacizumab, directed to all isoforms of 
angiogenic VEGF-A, breaks the connection be-
tween VEGF and its receptor. Bevacizumab, in 
combination with 5-fluorouracil/capecatibine, 
is used as a first-line treatment of metastatic 
CRC (16). Bevacizumab is included also in the 
therapy of metastatic kidney cancer, advanced 
non-small cell lung cancer (NSCLC), ovarian 
cancer, glioblastoma and advanced gastric can-
cer. Ramucirumab, other promising antiangio-
genic mAb against VEGFR-2, is in phase II/III 
trials for treatment of multitude cancers.

Exposure of phosphatidylserine (PS) on 
the external leaflet of the plasma cell mem-
brane promotes phagocytosis of apoptotic 
cells. Bavituximab is a chimeric PS-targeting 
mAb that induces vascular disruption and pro-
motes antitumor immune response. Therapeu-
tic response has been reached in phase I clini-
cal trial of bavituximab in combination with 
chemotherapy in patients with advanced solid 
cancers (9). Three randomized phase II clinical 
trials with this intriguing antibody are ongoing 
for NSCLC and pancreatic cancer. Cluster of dif-
ferentiation (CD) molecules are regular clients 
of mAbs. Rituximab reacts with human CD20 
antigen and attains response in the therapy of 
non-Hodgkin’s lymphoma (NHL). Alemtuzum-
ab, designed to target CD52 antigen found in 
malignant lymphocytes and monocytes, is uti-
lized in the chronic lymphocytic leukemia (CLL) 
treatment (10). Action of rituximab and alemtu-
zumab is based not only on ADCC, but on induc-
tion of complement-dependent cytotoxicity and 
apoptosis too. Use of agonistic mAbs against 
TNF-related apoptosis-inducing ligand (TRAIL) 
death receptors DR4 or DR5 also induces im-
pressive apoptotic answer in cancer therapy. 
Anti-DR4 mAb mapatumumab in combination 
with hyperthermia showed antitumor activity 
in colon cancer cells (30). Ongoing study is eval-
uating the efficacy of mapatumumab in combi-
nation with sorafenib in patients with advanced 
hepatocellular carcinoma (HCC).

Use of conjugated mAbs is enhancing the 
impact of targeted cancer therapy. Anti-CD30 
agent brentuximab, conjugated with toxic an-
timitotic monomethyl auristatin (vedotin), was 
approved for the therapy of relapsed or refracto-
ry Hodgkin’s lymphoma and systemic anaplas-
tic large cell lymphoma (ALCL) by FDA in 2011. 
Doxorubicin containing liposomes attached to 
anti-HER2 mAb are introduced in breast can-
cer therapy to enhance efficacy. Trastuzumab 
emtansine (T-DM1) is a novel drug used in the 
therapy of HER2-positive breast cancers. T-DM1 
consists of trastuzumab linked to a chemother-
apy agent emtansine. Recent data from phase III 
study showed that T-DM1 increased survival in 
patients with HER2-positive metastatic breast 
cancer. Conjugation of mAbs with radioisotopes 
is also implemented in practice. Ibritumomab 
is delivering the conjugated radioisotope 90Y in 
the therapy of B cell NHL, while mAbs against 
CEA, MUC1, PSMA, EGFR and melanin, labelled 
with 131I, 90Y, 177Lu, 125I and 177Re, are being evalu-
ated in clinical trials.

Cell adhesion is a unique feature inherent 
to multicellular organisms. Cell-cell and cell-ex-
tracellular matrix (ECM) adhesion is mediated 
by cell adhesion molecules (CAMs) that are in-
volved in variety of biological processes. Abnor-
mal expression of CAMs is frequently observed 
in the development of invasive cancers. Epithe-
lial cell-adhesion molecule (EpCAM) is overex-
pressed in different epithelial cancers and is 
associated with shorter survival. Catumaxomab 
is a trifunctional bispecific mAb against EpCAM 
and CD3 on T cells, whereas Fc region binds to 
macrophages, dendritic cells and natural killer 
cells. Catumaxomab produces strong antitumor 
immune response and therapy with cetuximab 
was the first approved causal therapy for malig-
nant ascites by the European Medicines Agency 
(EMA) in 2009. Application of catumaxomab 
was safe and showed noteworthy clinical re-
sponses in the treatment of malignant ascites in 
ovarian, gastric and other cancers (15). Phase 
IB study of the adecatumumab, other EpCAM 
mAb, combined with docetaxel showed safety 
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Table 1. Approved anticancer drugs with related molecular targets and targeted cancers

Drug Drug target Approval Indication
Monoclonal antibodies
Cetuximab (Erbitux) EGFR EMA and FDA CRC, HNSCC and pancreatic cancer 

Panitumumab (Vectibix) EGFR EMA and FDA CRC

Trastuzumab (Herceptin) HER2 EMA and FDA Breast cancer and gastric/ gastroesophageal junction 
adenocarcinoma

Denosumab (Prolia) RANKL EMA and FDA Prostate cancer (nonmetastatic)
Denosumab (Xgeva) RANKL EMA and FDA Bone metastases from solid tumors
Bevacizumab (Avastin) VEGF EMA and FDA CRC, NSCLC, glioblastoma, kidney cancer, ovarian cancer 

and gastric cancer
Iplimumab (Yervoy) CTLA4 EMA and FDA Melanoma

Rituximab (Mabthera) CD20 EMA and FDA B cell NHL and CLL
Alemtuzumab (Campath) CD52 EMA and FDA B cell CLL
90Y –labelled ibritumomab tiuxetan 
(Zevalin)

CD2O EMA and FDA Follicular B cell NHL

131I-labelled tositumomab (Bexxar)^ CD20 FDA Follicular lymphoma
Brentuximab vedotin (Adcetris)” CD30 FDA Hodgkin’s lymphoma and ALCL
Catumaxomab (Removab) EpCAM, CD3 EMA Malignant ascites
Smal molecule inhibitors
Erlotinib (Tarceva) EGFR EMA and FDA NSCLC and pancreatic cancer
Gefitinib (Iressa) EGFR EMA and FDA NSCLC
Lapatinib (Tykerb) ¶ EGFR, HER2 EMA and FDA Breast cancer
Sorafenib (Nexavar) B-Raf, VEGFR, PDGFR, 

EGFR, FLT3
EMA and FDA Liver cancer and renal cancer

Imatinib mesylate (Glivek) BCR-ABL, KIT, PDGFR EMA and FDA CML, GIST, myelodysplastic-myeloproliferative diseases, 
dermatofibrosarcoma, precursor cell lymphoblastic leuke-
mia-lymphoma and hypereosinophilic syndrome

Sunitinib (Sutent) KIT, VEGFR, PDGFR, 
FLT3

EMA and FDA Renal cancer, GIST and pancreatic neuroendocrine tu-
mors

Crizotinib (Xalkori)# ALK, c-Met FDA NSCLC
Gene delivery
Recombinant human p53 adenovirus 

injection (Gendicine) 
p53 SFDA HNSCC

Demethylation agents
Decitabine (Dacogen)## DNMT FDA MDS
Azacitidine (Vidaza) DNMT EMA and FDA MDS
Histone deacetylase inhibitors 
Vorinostat (Zolinza) HDAC EMA and FDA Cutaneous T cell lymphoma 
Romidepsin (Istodax)* HDAC FDA Cutaneous T cell lymphoma
Proteasome inhibitors
Bortezomib (Velcade) 26S proteasome EMA and FDA Multiple myeloma 

and activity in patients with EpCAM positive 
relapsed or refractory advanced-stage breast 
cancer (26). Data from a preclinical study con-
clude that new anti-EpCAM mAb conjugates 
with α-amanitin (inhibiting DNA transcription 
toxin) are effective drugs for the therapy of pan-
creatic carcinomas and other EpCAM-positive 

cancers (23). Integrins, large transmembrane 
receptors composed of α and β subunits, influ-
ence proliferation and migration of malignant 
cells. Integrin α5β1 is abundantly expressed 
on endothelial cells of tumor vessels, as well on 
tumor cells. Volociximab is a mAb that targets 
α5β1 integrin and inhibits tumor neoangiogen-
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esis by blocking the interaction between α5β1 
and fibronectin. Phase II and III trials with vo-
lociximab are ongoing now for the therapy of 
metastatic melanoma, NSCLC and peritoneal 
cancer. Cytotoxic T lymphocyte-associated anti-
gen 4 (CTLA4) is a prominent member of CAMs, 
which decreases the activity of T cells. CTLA4 
inhibitor ipilimumab is approved to treat pa-
tients with metastatic melanoma

Tumor microenvironment plays a signifi-
cant role in malignant progression, and occa-
sionally the collapse of stroma signaling is the 
primary cause of cancer. Stromal and ECM mole-
cules are putative targets, because restitution of 
normal microenvironment could even provoke 
reversal of neoplastic phenotype. Fibroblast ac-
tivation protein (FAP) is a cell surface protein 
expressed by tumor-associated fibroblasts in 
majority of human carcinomas. Sibrotuzumab, 
a mAb against FAP-α, however, was not effective 
in a phase II study of patients with CRC. Colla-
gen and fibrin, overexpressed in stroma of solid 
tumors, are used as mAbs targets. Application 
of conjugated with a topoisomerase I inhibitor 
mAb against collagen 4 is an attractive chance 
to improve the diffusion of mAbs in rich in stro-
ma solid tumors (38). Tenascin-C, part of ECM, 
is abundantly found in solid tumors and mAbs 
against tenascin-C are developed. Eph recep-
tors and ephrin ligands participate in regula-
tion of cell adhesion, morphology and invasion, 
and aberrant Eph signaling is found in cancer. 
Agonistic and antagonistic mAbs against Eph 
are being tested in cancer therapy (4).

^Orphan designation granted in 2003 in 
European Union. „Pending decision with posi-
tive status in European Union. ¶Conditional ap-
proval in European Union. #Pending decision 
with positive status in European Union. ##Pend-
ing decision with positive status in European 
Union with indication acute myeloid leukae-
mia. *Pending decision with negative status in 
European Union. ALCL, Anaplastic large cell 
lymphoma; CLL, chronic lymphocytic leukemia; 
CML, chronic myelogenous leukemia; CRC, colo-
rectal cancer; CTLA-4 (Cytotoxic T lymphocyte-

associated antigen 4), DNMT, DNA methyltrans-
ferase; EGFR, epidermal growth factor recep-
tor; EMA, European Medicines Agency; EpCAM, 
epithelial cell adhesion molecule; FDA, Food 
and Drug Administration; FLT3, fms-like tyros-
ine kinase 3; GIST, gastrointestinal stromal tu-
mors; HDAC, histone deacetylase; HNSCC, head 
and neck squamous cell carcinoma; MDS, my-
elodysplastic syndrome; NHL, non-Hodgkin’s 
lymphoma; NSCLC, non-small-cell lung carci-
noma; PDGFR, platelet-derived growth factor 
receptor; RANKL, receptor activator of NF-κβ 
ligand; SFDA, State Food and Drug Administra-
tion; VEGFR, vascular endothelial growth factor 
receptor.

Small molecule inhibitors  
in cancer therapy
Abnormal expression of protein kinases is of-
ten found in human cancers and small mol-
ecule inhibitors (SMIs) suppress activity of ki-
nases (Table 1). In contrast to large mAbs, SMIs 
are compounds of less that 500-D molecular 
weight, except for some natural substances. Un-
like mAbs, SMIs are able to pass through plasma 
membranes and interact with cytoplasmic part 
of cell-surface receptors and intracellular mol-
ecules. SMIs targets kinases directly and an im-
mune response is not commonly involved as in 
the therapy with mAbs. Most of the SMIs com-
pete with the ATP-binding site in active or inac-
tive conformation of the tyrosine kinases. Allos-
teric inhibitors act in non-ATP targeted manner, 
whereas covalent SMIs are irreversible kinase 
inhibitors.

Activity of the oncogenic BCR-ABL fu-
sion protein in chronic myelogenous leukemia 
(CML) is inhibited by imatinib that reacts with 
the inactive form of tyrosine kinase (TK). De-
spite spectacular advance in the treatment of 
CML, imatinib is not able to cure definitely CML. 
BCR-ABL amplification and mutations induce 
resistance to imatinib, as well to other BCR-ABL 
targeting agents (7). Unlike mAbs, SMIs are less 
specific and imatinib is also used to suppress 
activity of c-kit in gastrointestinal stromal tu-
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mors (GIST) and activity of PDGFR in chronic 
myeloproliferative syndrome. The therapy of 
GIST with imatinib also changed the natural 
course of the disease. Nevertheless, almost half 
of the treated patients do not respond and com-
plete responses are rare. Genetic switch of the 
malignant cells could compromise the therapy 
of GIST with imatinib. Mechanism of resistance 
to c-Kit-directed therapies is based on the re-
ceptor TK (RTK) switch as a result of downreg-
ulation of c-Kit, coupled with upregulation of 
RTK c-Met. Sunitinib, a multiple TK inhibitor, is 
used to treat resistant to imatinib GIST, as well 
renal cell carcinoma (RCC) and pancreatic neu-
roendocrine tumors. Salvage therapy with suni-
tinib in GIST, however, does not work in resist-
ant to imatinib patients with exon 11 mutation, 
because of secondary mutations (14). Similar 
to mAbs, SMIs are produced against HER1 and 
HER2. Erlotinib and gefitinib are SMIs designed 
to aim the TK domain of HER1. Erlotinib, inter-
acting with active form of kinase, increased sur-
vival rates in patients with NSCLC, whereas ge-
fitinib did not attain efficacy. Erlotinib, in com-
bination with gemcitabine, is also approved 
for therapy of pancreatic cancer. Lapatinib, a 
reversible dual HER1/HER2 inhibitor is used 
for the treatment of HER-2-expressing breast 
cancer resistant to trastuzumab. Neratinib, an 
HER1 and HER2 irreversible inhibitor demon-
strated remarkable benefit in HER2 positive 
breast cancer patients (5). Allosteric SMIs are 
used for suppression of abnormally expressed 
in many cancers proto-oncogen c-Met. An oral 
c-Met and anaplastic lymphoma kinase (ALK) 
ATP-site SMI crizotinib showed efficacy and in 
2011 FDA approved crizotinib for use in pa-
tients with advanced NSCLC with a rearrange-
ment of ALK gene (21). Mutations in the RET 
protooncogene are tightly associated with the 
development of hereditary and sporadic med-
ullary thyroid carcinoma (MTC), and RET-rel-
evant SMIs have been investigated. Motesanib, 
a multitargeted inhibitor against RET, VEGFRs, 
c-Kit and PDGFRβ, showed partial responses in 
a phase II study in locally advanced and meta-

static MTC (27). Phase 1b study with Motesanib 
in combination with erlotinib and gemcitabine 
also showed tolerability in patients with solid 
tumors (20). Mutations and amplifications in 
the catalytic subunit p110α of phosphoinositide 
3’ kinase (PI3K) are often detected in cancers, 
and SMIs against PI3K are undergoing clinical 
evaluation (37). B-raf serine kinase, a part of 
the RAS pathway, is overexpressed in cancers. 
Originally, oncogenic B-raf kinase seemed to be 
the only target of SMI sorafenib, but later it was 
found that sorafienib is also active against VEG-
FR-2 and 3, FLT-3, c-Kit and PDGFRβ. Sorafenib 
is approved for advanced HCC and RCC therapy, 
although it was unsuccessfully used in mela-
noma treatment. TGF-β participates in different 
cellular processes and elevated amounts of se-
creted TGFb are associated with advanced stage 
and dismal prognosis in various malignancies. 
Suppression of TGFb1 with SMIs increased the 
radiosensitivity of breast cancer cells in vitro 
and restrains tumor growth in vivo (3). Cyclin-
dependent kinases (CDKs) participate in the 
control of cell cycle and possess potential on-
cogenic properties. Flavopiridol, a synthetic 
flavone, is a first generation potent CDKs SMI, 
which is used with contradictory results to pre-
vent cell proliferation in cancer cells (22). Sec-
ond generation CDKs SMIs are expected to show 
better selectivity and less side effects. SMIs are 
harnessed and for inhibition of antiapoptotic 
molecules. Navitoclax, Bcl-2 SMI, showed effi-
cacy in patients with a small-cell lung cancer in 
a phase I study (11). Levo-gossypol, a natural 
SMI that targets Bcl-2, Bcl-Xl, and Mcl-1, is used 
now in clinical trials for CLL and prostate can-
cer. A derivative of gossypol, apogossypol, is in 
preclinical development.

Malignant cells often initiate DNA repair 
during chemo- or radiotherapy and suppres-
sion of DNA repair molecules could counter this 
undesired answer. Poly(ADP-ribose) polymer-
ase (PARP)1 is active in DNA base excision re-
pair pathway dealing with base lesions and sin-
gle-strand breaks, whereas breast cancer type 
1 susceptibility protein (BRCA)1 and breast 
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cancer type 2 susceptibility protein (BRCA)2 
act in DNA double-strand breaks (DSBs) re-
pair through homologous recombination (HR) 
repair pathway. Therefore, downregulation of 
PARP1 with SMIs in tumors lacking BRCA1/2 
could lead to unresolved DNA damage and cell 
demise. Olaparib, a PARP inhibitor, showed ef-
ficacy in BRCA-deficient ovarian and breast 
cancers (1, 34). New approach is to attack an 
entire DNA repair system in cancer cells. Dbait 
oligonucleotides inhibit both HR and nonho-
mologous end joining pathways employed for 
repair of DNA DSBs. Recent study demonstrat-
ed efficacy of Dbait paired with chemotherapy 
in mouse models of CRC (8).

p53, guardian of the genome, plays a key 
role in the cell cycle control, apoptosis and se-
nescence, and is mutated in the majority of hu-
man cancers. Nutlin-3 and other antagonists of 
MDM2 (p53 negative regulator) are being as-
sessed in preclinical trials (6). Oncogenic mu-
tant p53, however, could also be detached from 
MDM2 and overexpressed as a result of MDM2 
targeting. Inhibition of MDM2, as well targeting 
other antiapoptotic molecules, provokes ques-
tions and concerns about the unexpected out-
comes of molecular cancer therapy. Moreover, 
enhanced apoptosis could induce high prolifer-
ation rate and liver cancer in mice with deleted 
antiapoptotic protein Mcl-1(36).

SMIs and mAbs are usually well tolerated 
and possess mild side effects, including fatigue, 
cutaneous (acneiform rash, dry skin, pruritus 
and alopecia) and gastrointestinal symptoms 
(diarrhoea, vomiting and nausea), although se-
rious side effects (liver, heart and lung toxicity) 
are reported. Hypertension, bleeding and ve-
nous thromboembolism could occur during an-
tiangiogenic therapy. Notably, SMIs and mAbs 
do not affect bone marrow like chemotherapeu-
tic agents.

Gene delivery in cancer therapy

Most of the targeted cancer therapies depend 
on the “oncogene addiction“, but the delivery 
of tumor suppressor genes in malignant cells 

is other exiting option (Table 1). Reintroduc-
tion of proapoptotic genes could restore the 
antitumor ammunition. Adenoviral vector pro-
ducing wild-type p53 is approved in China for 
treatment of patients with head and neck can-
cer (28). An analogous delivering p53 drug, 
however, was not approved for use in the USA 
and Europe, because of the unsatisfactory effi-
cacy. Gene transfection of p53 is also tested in 
phase I/II clinical trials for therapy of esopha-
geal, ovarian cancer and lung cancer (19). In a 
recent study, the transfer of carrying p16 gene 
adenovirus vector induced anoikis (anchorage-
dependent apoptosis) in HCC cells by reducing 
the expression Akt/survivin signaling (17). De-
livery of the proapoptotic Bax gene caused ap-
optosis in glioma cell lines (18). Promotion of 
the immune system with cytokine genes (IL-2, 
IL-4, and IL-12) delivery produced conflicting 
results in the cancer therapy.

Delivering of toxic genes by viral vectors to 
tumor cells is used in suicide or prodrug activa-
tion gene therapy. Inserted genes code enzymes, 
which turn harmless prodrug into a toxic mol-
ecule. Transferring of herpes simplex virus thy-
midine kinase gene in cancer cells is followed by 
treatment with the prodrug ganciclovir, which 
is transformed by thymidine kinase to an apop-
tosis inducing toxin. Cytochrome P450 converts 
the prodrug cyclophosphamide to its active 
form, whereas cytosine deaminase deaminates 
the nontoxic 5-fluorocytosine to a toxic 5-fluo-
rouracil. Efficacy of suicide gene therapy is still 
not confirmed, despite encouraging results 
from some studies. The basic hardships in the 
gene therapy are the poor potency and the un-
certainty of the currently used viral or nonviral 
vector systems. Safety must be cautiously de-
bated too. Unfortunately, a spectacular clinical 
breakthrough in the gene cancer therapy is still 
completely elusive.

RNA-based cancer therapy

Gene silencing of oncogenic molecules is an ele-
gant method to fight malignant cells. Antisense 
oligonucleotides (ASOs) are single-stranded 
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DNA-like molecules that are complementary 
to certain mRNA and turn off genes through 
inhibiting translation of the mRNA into a func-
tional protein. Oblimersen sodium, a Bcl-2 ASO 
showed efficacy in clinical trial for therapy of 
CLL (25). Oblimersen application, however, was 
not approved, because of unsuccessful therapy 
of melanoma and oblimersen associated side 
effects. Poor specificity and short half-life are 
among the reasons for the failure of older ASOs. 
Encouraging data, however, are reported in 
ongoing clinical trials with new ASOs directed 
against antiapoptotic molecules like clusterin, 
survivin and STAT3. Ribozymes and especially 
hammerhead (Hh) ribozymes were utilized to 
suppress the gene expression by cleavage of 
its mRNA. Angiozyme (RPI.4610), an antian-
giogenic ribozyme targeting VEGFR-1 mRNA 
showed safe profile and clinical activity in solid 
tumors in preclinical and phase 1 studies. Phase 
2, multicenter study, however, did not demon-
strate clinical efficacy of angiozyme in patients 
with metastatic breast cancer (24).

The paradigm of human cancer is chang-
ing with the accumulating data for microRNAs 
(miRNAs). MicroRNAs are small endogenous 
noncoding RNAs (ncRNAs), which control gene 
expression by binding specific mRNA for trans-
lational repression and/or degradation. Micro-
RNA pathway is related with RNA interference 
(RNAi) pathway, a process of post-transcrip-
tional gene silencing in which small duplex 
RNAs suppress expression of specific genes. 
Expression of miRNAs is deregulated in cancers 
and ASOs against miRNAs are undergoing pre-
clinical evaluation. Notably, the expression of 
most miRNAs in human malignancies is lower 
than normal. The let-7 miRNA restrains expres-
sion of the oncogenes Ras, Myc and HMGA-2, 
and let-7 is downregulated in many cancers. 
Encouraging results are achieved in preclinical 
studies with the delivery of miRNAs let-7 and 
miR34 in lung tumors (33). Other intriguing 
posttranscriptional gene silencing molecules 
are synthetic small-interfering RNAs (siRNAs) 
that also catalyze the degradation of comple-

mentary mRNA targets. Preclinical studies with 
antioncogenic siRNAs showed appreciable re-
sults. Atu-027 is a blunt-ended siRNA directed to 
protein kinase N-3 that mediates malignant cell 
growth downstream of activated PI3K pathway. 
Atu-027 was well tolerated in patients with 
advanced solid tumors in recently completed 
phase I clinical study (31). The hurdles for the 
widespread clinical use of siRNAs are: destruc-
tion of siRNAs by serum nucleases, poor tissue 
penetration, “off-target-effects“ and excessive 
immune response. Interestingly, excessive in-
terferon release induced by siRNAs could en-
hance anti-tumor immunity. Various chemical 
modifications are being tested to improve the 
plasma stability of “naked“ siRNAs. Viral (ade-
novirus, adeno-associated virus and lentivirus) 
and nonviral (proteins, antibodies, polymers, 
nanoparticles and lipid molecules) modes for 
RNA delivery exist, but the poor intracellular 
delivery of small RNA remains the primary ob-
stacle to RNA-based therapy.

Methyltransferase and histone 
deacetylase inhibitors in cancer 
therapy

Promoter CpG island hypermethylation of tu-
mor suppressor genes is an attribute of cancers 
and DNA methyltransferase (DNMT) inhibi-
tors are used for the reactivation of abnormally 
methylated tumor suppressor genes. Available 
data, however, challenge the hypothesis that 
DNMT inhibitors induce considerable expres-
sion of tumor suppressors. A speculation con-
nects the action of these agents with antiprolif-
erative disruption of ribosome biogenesis. Hy-
pomethylating agents like azacitidine and decit-
abine (nucleoside analogues) are approved for 
therapy of patients with myelodysplastic syn-
drome, although in 2012 FDA rejected to add 
acute myeloid leukemia as indication for use of 
decitabine (Table 1). The chance for expression 
of suppressed oncogenes during therapy with 
hypomethylating drugs is considered low. His-
tone deacetylases (HDACs) participate in gene 
transcription control and aberrant expression 
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of HDACs is observed in cancers. Histone dea-
cetylase inhibitors (HDACi) induce prolifera-
tion arrest or apoptosis of tumor cells and com-
prise hydroxamic acids, cyclic tetrapeptides, 
short chain fatty acids and benzamides. FDA 
approved HDACi vorinostat (hydroxamic acid) 
and romidepsin (cyclic peptide) for therapy of 
advanced cutaneous T-cell lymphoma, while 
novel HDACi are currently being evaluated in 
patients with solid tumors and hematological 
malignancies (Table 1).

Heat shock protein 90 and 
proteasome inhibitors in cancer 
therapy

Heat shock protein 90 (Hsp90), a chaperone 
engaged in the protein folding, is necessary for 
activation and stabilization of various signaling 
proteins. Hsp90 is often upregulated in tumors 
and Hsp90 inhibitors represent suitable cancer 
therapeutic tools. Geldanamycin, an Hsp90 in-
hibitor, showed substantial toxicity in clinical 
trials. New generation of Hsp90 inhibitors with 
decreased toxicity and improved potency are 
under clinical evaluation now. Proteasome, a 
multicatalytic protease complex that degrades 
intracellular polyubiquitinated proteins, is 
used as a target in cancer therapy. Bortezomib 
is the first proteasome inhibitor approved for 
therapy of multiple myeloma (Table 1). New 
proteasome inhibitors are rigorously investi-
gated in early phase clinical studies. Combined 
inhibition of Hsp90, proteosome, DNA methyl 
transferase and HADCs is showing promising 
results in clinical trials.

Conclusion

Molecular cancer therapy is relying on multiple 
approaches. The advancement in the targeted 
treatment of malignancies is irrefutable, but 
drugs that can cure the patients of cancer are 
still wanting. Although with less severe adverse 
effects, targeted cancer therapy is almost al-
ways an additive instrument to the mandatory 
chemotherapeutic agents or radiotherapy. The 

future efforts must be concentrated on the in-
vention of novel molecular drugs that are much 
more potent and safe. These drugs have to at-
tack simultaneously all cancer related molecu-
lar culprits, including and dormant cancer stem 
cells. This dream seems unfeasible, but multiple 
assaults on cancer network could be the only 
way to overcome the therapeutic resistance. We 
must be conscious of the fact that cancer sign-
aling networks are unimaginable sophisticated 
and ingeniously reactive to alterations in cell 
milieu. The manipulation of the cell machine 
is a subtle art with occasionally unpredictable 
consequences.
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РЕЗЮМЕ

Проблемната употреба (вредна употреба и 
зависимост) на бензодиазепини е отдавна из-
вестен феномен в медицината, но редица съвре-
менни проучвания показват, че през последните 
две десетилетия честотата и отновно бележи 
ръст в някои региони на света. В България има 
малко актуални епидемиологични данни за раз-
пространението на този проблем. Във връзка с 
това проведохме малко проучване на честотата 
на вредна употреба и зависимост към бензодиа-
зепини в извадка от пациенти потърсили лече-
ние в спешно отделение на голяма университет-
ска болница.

Посредством структуриран въпросник за 
употребата на бензодиазепини бяха изследвани 
243 пациента обърнали се за консултация към 
спешно отделение на УБМАЛ „Д-р Г. Странски“ 
– Плевен за 8 седмичен период (януари-февру-
ари 2011). Резултатите ни показаха, че 37.5% 
от пациетите (89 от 243 пациента) употребяват 
бензодиазепини, като 48 от тях покриват диаг-
ностичните критерии на МКБ-10 за вредна упо-

Abstract

Objective: Some recent epidemiological data 
show that benzodiazepine misuse (harmful use and 
dependence) may be on the rise globally. Because 
of the insufficient data regarding this problem in 
our country we made a small exploratory study of 
the prevalence of benzodiazepine use and misuse in 
patients consulted in the emergency department of 
Pleven University Hospital.

Patients and methods: Data regarding 
benzodiazepine use along with demographic 
information were collected for 243 patients 
admitted to the department for an eight weeks 
period. Information about medications used and 
daily dose, duration of use, prescribing physician 
and reason for prescription were gathered by 
means of an interview and analyzed.

Results: 89 of the 243 examined patients 
reported benzodiazepine use, and 48 satisfied 
ICD – 10 criteria for harmful use or dependence. 
No difference was found between sexes regarding 
relative prevalence of BZDs misuse (harmful 
use and dependence), but female patients as a 
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whole had longer mean duration of BZDs intake. 
The majority of patients used BZDs with short 
elimination half life. Although sleep problems 
and anxiety symptoms were leading reasons for 
prescription in most of the cases, a notable number 
of patients were given BZDs for purely somatic 
symptoms without sufficient rationale. Nearly 80% 
of the patients had received their treatment by GP. 
None of the individuals diagnosed with misuse had 
informed their prescribing physician about that.

Conclusions: High prevalence of BZDs use and 
misuse was observed in the sample as a whole with 
female patients having longer duration of use. One 
possible inference from such findings is that more 
precise prescribing guidelines for BZDs are needed 
in our country.

Key words: benzodiazepines, prevalence, 
misuse, harmful use, dependence

треба или зависимост. Употребата на бензодиа-
зепини беше по-честа сред жените в извадката, 
без разликата да достига статистическа значи-
мост. Подължителността на употреба на бензо-
диазепини беше най-голяма (над 2 години сред-
но) сред възрастовите групи 40–49 г. и 50–59 г.

В мнозинството от случаите бензодиазе-
пините бяха предписвани от личните лекари 
поради проблеми със съня и симптоми на тре-
вожност, но също така и поради чисто соматич-
ни симптоми погрешно преценени като психо-
логично обусловени. Основният извод, който 
се налага освен нуждата от допълнителни из-
следвания в тази област, е че е необходимо да 
се разработят и въведат надеждни алгоритми 
свеждащи предписването на бензодиазепини 
само до пациентите с реални показания за из-
ползването и.
 

Introduction

Developed in the 1960s in the process of re-
search for safer and more effective anxiolyt-
ics, benzodiazepines (BZDs) became the most 
widely prescribed drugs in the United States 
and Europe between 1968 and 1987 (1). Dur-
ing last two decades they have maintained 
their popularity and diazepam along with al-
prazolam, clonazepam, and lorazepam, has ap-
peared among the most commonly used medi-
cations worldwide (2).

The risk of abuse and dependence asso-
ciated with BZDs was recognized as early as 
1967, as the first reports in the popular media 
emerged warning of their illicit and non-medi-
cal use. (1; 3). In 1975, the United States Drug 
Enforcement Agency began regulating valium 
and several other benzodiazepines as Schedule 
IV drugs and gradually in the next several years 
more judicious prescribing practices for BZDs 
were established in US and elsewhere.

Although BZDs misuse potential is not a new 
notion, recent epidemiological findings suggest 
that their abuse may be on the rise. In USA for 
example, the number of emergency room visits 
associated with the use of sedative/hypnot-

ics in 2005 was 34% of the total visits involv-
ing non-medical use of prescription drugs, thus 
registering an increase with 19 % compared to 
2004 (4). In agreement with this, admissions in 
substance abuse treatment facilities in the Unit-
ed States, due to “primary tranquilizer“ use (in-
cluding benzodiazepine type drugs) increased 
with 79% from 1992 to 2002 (4). Data suggest-
ing stable or increasing consumption of BZDs in 
the last two decades are available also for Italy, 
Finland, Canada, Brazil, Australia, Thailand and 
other countries (5; 6; 7). The rise is particular-
ly due to increase in consumption of the short 
acting drugs at the expense of a proportional 
decline in use of older compounds with longer 
half-lives (8).

Within the general population there are 
specific sub-populations who are at greater risk 
for inappropriate benzodiazepine taking. These 
groups include polydrug abusers, patients 
with histories of alcohol abuse and the elderly 
(9; 10). In virtually every population studied, 
women receive about twice as many prescrip-
tions for these drugs as men. (8).

In Bulgaria benzodiazepines are included 
in a list of controlled medications and their 
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use is regulated through a special regime of 
prescription which enables medical authori-
ties to monitor and regulate prescription rates. 
Despite that, to our knowledge there are no re-
cent epidemiological studies exploring trends 
in benzodiazepine prescription and use in our 
country. According to the latest nationwide epi-
demiological survey EPIBUL (11) the 12 month 
prevalence for substance related disorders is 
estimated to 1.2 % of the adult population but 
most of these cases have alcohol abuse or de-
pendence and no data concerning BZDs use are 
specified.

Assuming the possibility that inappropriate 
benzodiazepine consumption may be an under-
estimated phenomenon with potential public 
health significance, we decided to conduct a 
small study of the prevalence of BZDs misuse 
(abuse and dependence) among patients pre-
senting at the emergency department of our 
hospital.

Patients and methods

Pleven University Multipfofile Hospital is one 
of the leading hospitals in Bulgaria with annual 
admission rate of over 40 000 patients. Because 
of the large number of emergency cases (nearly 
2000 patients per month) and the limitations of 
our resources, we included in our sample only 
the patients consulted at the emergency de-
partment during fourteen 12 hour shifts span-
ning over a 8 week period (January – February 
2011). Thus, a total of 243 patients were exam-
ined which is approximately 10% of all the pa-
tients admitted to the department for the same 
period. All data were obtained by means of a 
short structured interview specially developed 
for the purposes of the study and conducted by 
the same investigator for all the patients. They 
were asked to report all BZDs used, duration of 
intake, daily dosage taken, reason for prescrip-
tion and the position of prescribing physician. 
In addition, data on demographics were col-
lected. Diagnoses of BZDs misuse (harmful use 
– F10.1 or dependence – F10.2) were based on 

the 10-th revision of the International Classifi-
cation of Diseases (ICD-10).

Data were analyzed using the principles of 
thematic analysis and incorporating the data-
driven inductive approach as the study was pri-
marily observational by nature and did not seek 
to prove a preconceived theory. Quantitative 
variables were compared using Fischer’s t test 
and ANOVA with Bonferroni test being used for 
multiple quantitative comparisons. For com-
parison of proportions, we used Pearson χ2 test 
with Yates correction being applied for small 
numbers. Statistical analysis was conducted 
electronically with “Statistical Package for the 
Social Services“ (SPSS) ver. 16.0.

This study was approved by the Independ-
ent Ethics Committee of Pleven University Hos-
pital.

Results

Of the total of 243 patients admitted to the 
emergency department during the study period 
89 reported BZDs use (51 women and 38 men). 
Upon administration of the structured inter-
view, 48 of them satisfied the ICD-10 criteria 
for harmful use of benzodiazepines or benzo-
diazepine dependence. In all these cases dura-
tion of BZDs use was substantially longer than 
the recommended in the short product charac-
teristics of the particular drug (8–12 weeks for 
bromazepam, alprazolam, clonazepam, diaze-
pam and clorazepate and 2 weeks for triazolam 
and midazolam) and symptoms of withdrawal 
or other symptoms associated with BZDs use 
were identified to be primary reason for con-
sultation.

Sociodemographic data of the patients are 
presented on table 1. Although women as a 
whole were diagnosed with harmful use more 
often than men, no statistical difference could 
be found between sexes in terms of prevalence 
of harmful use and dependence even after con-
trolling for number differences (pχ2=0.26).

Tabl. 2 shows all BZD preparations taken. 
None of the patients used more than one BZD 
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and only 10 of the patients were prescribed 
a medication with long elimination half-life 
(elimination half-life of the BZD or metabolite 
> 24 h, for example diazepam or clorazepate). 
The mean age of those patients taking BZDs 
with short half life (46.3 years) did not differ 
significantly from those receiving long acting 
BZDs (45.5 years) (p=0.43).
Tabl. 1:  
Sociodemogpaphic characteristics  
of benzodiazepine users

Characteristics
Total  

sample 
Harmful  

use
Dependence

Gender (Males/
females)

26/22 2/5 24/17

Mean age  
(with SD)
–	 Males
–	 Females

48.27 ± 6.78
55.32 ± 9.02

40.50 ± 4.95
47.00 ± 9.14

48.92 ± 6.57
57.76 ± 7.60

Residence
–	 Principal town
–	 Village/ Non-

principal town

31
17

4
2

23
12

Occupational 
status
–	 Employed
–	 Unemployed

37
11

5
1

27
8

Marital status
–	 Married
–	 Single

39
9

2
4

21
14

Tabl. 2:  
Benzodiazepine preparations used

Benzodiazepine Number of patients
Short elimination Half-life (< 24 h)
–	 Clonazepam
–	 Bromzepam
–	 Alprazolam
–	 Triazolam
–	 Midazolam

34
14
23
5
3

Long elimination Half-life (>24 h)
–	 Diazepam
–	 Clorazepate

7
3

The mean duration of benzodiazepine in-
take was 32.40 months for the group of female 
patients with harmful use and dependence 
(tabl. 3). For males, mean duration of intake 
was 23.50 months. Duration of intake was not 
calculated for patients considered not to have 
benzodiazepine misuse. When we analyzed in a 

multiple comparison test the difference in mean 
duration of DZDs use (in months) between the 
separate age groups (30–39 years; 40–49 years; 
50–59 years; 60–69 years), we found statistical-
ly significant difference between groups 40–49 
years and 50–59 years respectively (F=3.595; 
p=0.021) (tabl. 3).

According to prescription indices, no exces-
sive dose was taken by any patient.
Tabl. 3  
Mean duration of benzodiazepines intake in patients 
with harmful use and dependence distributed by sex 
and age group i

Characteristics Mean duration of 
benzodiazepines 
intake (months)

Ststistical 
significance

Sex
–	 Males (N=26)
–	 Females (N=22)

23.50 ± 4.02
32.36 ±5.60

Age group
–	 30–39 years (N=5)
–	 40–49 years (N=19)
–	 50–59 years (N=16)
–	 60–69 years (N=8)

26.2 ± 3.27l
24.35 ± 4.91
30.25 ± 6.63
30.62 ± 7.98

F = 3.595 
(p=0.021)

Most of the patients had complaints of in-
somnia and anxiety spectrum symptoms. Pri-
mary complaints that have lead to BZDs pre-
scription and type of prescribing physician are 
summarized on tabl. 4 and 5 respectively. Al-
though no cases of self-medication were found, 
it is worth noting that none of the patients di-
agnosed with harmful use or dependence had 
informed his or her prescribing physician about 
the problems associated with BZDs use.
Tabl. 4:  
Distribution of patients according to their primary 
complaint

Symptom/ 
complaint

Use
(Total; males/

females)

Harmful use
(Total; males/

females)

Dependence
(Total; males/

females)
Insomnia 20 (15/5) 4 (1/3) 12 (4/8)

Palpitations/chest 
discomfort

4 (1/3) 0 (0/0) 5 (1/4)

Inner tension/Anxiety 11 (5/6) 1 (0/1) 10 (3/7)
Headache 6 (2/4) 1 (0/1) 5 (1/4)

Hypertension 0 (0/0) 0 (0/0) 1 (0/1)
Other somatic  

symptom/discomfort
7 (3/4) 0 (0/0) 3 (1/2)
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Tabl. 5  
Position of prescribing physician

Medical  
practitioner

Use Harmful Use Dependence

General practitioner/ 
Family physician

36 5 29

Psychiatrist 10 – 4
Other medical  

specialist
2 1 3

Discussion

As far as our knowledge goes, this is the first 
study in our country to evaluate the use of 
BZDs in a sample of patients consisting of 
visitors of an emergency department. Our 
data showed that 35.7 % of the examined pa-
tients (89 out of 249 cases) were currently 
prescribed BZDs. More than half of them (48 
patients) satisfied ICD-10 criteria for harm-
ful use/dependence and their primary reason 
for consultation were symptoms/complaints 
induced by BZDs use. Because of the meth-
odological approach with questionnaire, and 
because psychotropic agents are among the 
most frequently underreported drugs used 
(12) these figures may underestimate the true 
prevalence of BZDs use.

Regarding the mean duration of BZDs use, 
a significant difference was found between 
the age groups of 40–49 years and 50–59 
years with mean duration of intake of 24.35 
months and 30.25 months respectively. These 
results are in line with other reports in lit-
erature exploring BDZs use in particular age 
groups (13).

Although no statistical difference was 
found between sexes in terms of prevalence 
of harmful use and dependence, the overall 
proportion of BZD users was higher among 
women, a finding that is consistent with many 
other studies (14; 15). One reason for this 
might be the greater prevalence of sleep dis-
orders in the female population. Nevertheless, 
alternative explanations are also possible like 
for example higher levels of emotional stress, 
respectively higher incidence of stress induced 
somatic complaints, increased frequency of 

physician contacts and as a result greater use 
of prescription medications (14). Another find-
ing deserving attention is the longer duration 
of BZDs intake in women. It is well known that 
long administration of BZDs provokes psycho-
logical dependency and abstinence reactions 
on withdrawal, both supporting chronic drug 
misuse (16). This mechanism may at least in 
part explain the higher number of female pa-
tients with harmful use and dependence that 
we found.

Although as expected most of the patients 
in the sample were prescribed BZDs because of 
sleep problems and symptoms of anxiety, it is 
important to note that in non-ignorable num-
ber of cases BZDs have been given for purely so-
matic complaints that have been misjudged to 
have “neurotic“ basis. Moreover, in the major-
ity of these cases (and especially in all patients 
with palpitations/chest discomfort) BZDs were 
combined with other symptomatically oriented 
drugs. Even in patients that were prescribed 
BZDs because of psychiatric symptoms, this 
was mainly done by GPs who often base their 
drug prescriptions on the most evident phe-
nomenology not having the time and resources 
to obtain sufficient information, establish a cor-
rect diagnosis and implement proper pharma-
ceutical therapy.

Conclusions

In summary, our results showed high preva-
lence of BZDs use and misuse in the exam-
ined sample as a whole with female patients 
in particular having greater BZDs prescription 
rates and longer duration of BZDs use. One of 
the possible implications of such finding is 
that more judicious prescribing guidelines for 
BZDs should be developed and implemented 
especially for outpatient healthcare providers. 
Nevertheless, more studies with similar popu-
lations are in need to elucidate the prevalence 
of patients with unreported BZDs misuse and 
its causes.
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РЕЗЮМЕ

Степента на нарушенията на функционална-
та цялост в рамките на фронталните невронни 
мрежи, предизвикани от патологичния процес, 
намира отражение в резултатите от прилагане-
то на чувствителни невропсихологични тестове.

ЦЕЛ

Да се извърши проспективно проучване на спе-
цифични неврокогнитивни нарушения зависе-
щи от локализацията на мозъчните тумори.

МАТЕРИАЛИ И МЕТОДИ

В проучването са включени 38 пациента със су-
пратенториални мозъчни тумори, които са раз-
пределени в две подгрупи в зависимост от лока-

Abstract

Тhe extent of impairment of functional integ-
rity within the frontal lobe network, caused by the 
pathological process, can be assessed by means of 
sensitive neuropsychological tests.

AIM

To prospectively investigate specific cognitive im-
pairments depending on the brain tumor localiza-
tion.

MATERIALS AND METHODS

Thirty-eight adult patients with supratentorial 
brain tumors were divided into frontal (N=19) and 
non-frontal (N=19) tumor subgroups for compari-
son based on their localization. They underwent 
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лизацията им: фронтални (N=19) и не-фронтал-
ни (N=19). Проведено е трикратно изследване 
за период от 7 месеца чрез прилагането на об-
ширен набор от стандартизирани невропсихо-
логични тестове.

РЕЗУЛТАТИ

Подгрупата на фронталните мозъчни тумори по-
казва значително по-слаби резултати при изход-
ното изследване по отношение на семантичната 
памет (p<0.05), селективното внимание, способ-
ността за екзекутивен контрол (p<0.01) и екзеку-
тивните функции (p<0.05) в сравнение с пациен-
тите от подгрупата на не-фронталните мозъчни 
тумори. Локализацията е фактор, който влияе 
върху резултатите получени от теста за катего-
рийна (F=4.88; p=0.03) и фонемна флуентност 
(F=5.82; p=0.02), и от теста на Струп (F=11.20; 
p=0.002) в началото на периода на проследяване.

ЗАКЛЮЧЕНИЕ

Челните дялове са тясно свързани с определени 
аспекти на вниманието и екзекутивните функ-
ции. Няколко сравнително кратки когнитивни 
теста (теста на Струп, тестовете за категорийна и 
фонемна флуентност) могат да се прилагат като 
чувствителни невропсихологични средства за 
регистрация на когнитивни нарушения при па-
циенти, страдащи от тумори на челните дялове.
Ключови думи: мозъчен тумор, когниция, чел-
ни дялове
 

three point assessment for a period of 7 months us-
ing an extensive battery of standardized neuropsy-
chological tests.

RESULTS

The frontal tumor subgroup showed significant-
ly worse baseline results in semantic memory 
(p<0.05), selective attention, executive control 
(p<0.01) and executive functions (p<0.05) com-
pared to the non-frontal tumor subgroup. ANOVA 
showed that the localization is a factor which in-
fluences the results from the categoric (F=4.88; 
p=0.03), phonemic (F=5.82; p=0.02) fluency tests 
and the Stroop test (F=11.20; p=0.002) at baseline.

CONCLUSION 

Frontal lobes are closely connected with certain as-
pects of attention and executive functions. Several 
relatively brief cognitive tests (Stroop Color Word 
Test and verbal fluency) could be applied as sensi-
tive tools for registration of cognitive dysfunction in 
patients with frontal lobe tumors.
Key words: brain tumor, cognition, frontal lobes

INTRODUCTION
Cognitive functions are regarded to be deter-
mined by either more localized or distributed 
substrate in the central nervous system [16,17]. 
The neuropsychological approach examines 
cognitive processes as a result of elaborately 
functioning neuronal networks. This idea was 
shared a few decades ago in the Luria’s theo-
retical model of the higher psychic functions 
which are regarded as compound hierarchical 
self-regulating functional systems. Nowadays, 
this conception has been confirmed by means 
of functional neuroimaging investigations used 
to examine the anatomical substrate responsi-

ble for the execution of the versatile cognitive 
tasks. The execution of the different cognitive 
functions is based on the collaboration of mul-
tiple brain structures acting at different levels 
as well as a large number of afferent and effer-
ent cortico-subcortical circuits. Meanwhile, the 
neurons from a certain association area take 
part in functional networks which link remote 
neuronal populations. The higher cortical func-
tions cannot be strictly correlated to a certain 
anatomical substrate due to their complex 
structural and functional organization. It is not 
always possible to link a definite cognitive func-
tion to a specific brain region. The established 
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neuronal correlations are related to highly dif-
ferentiated components of a given cognitive 
function [14,18].

The approach of executive functions began 
with the early description of behavioral disor-
ders induced by frontal damage. The develop-
ment of neuropsychology has led to the descrip-
tion of a large variety of cognitive impairments 
specific to frontal lobe pathology [8].

The aim of this study was to prospectively 
investigate specific cognitive impairments de-
pending on the brain tumor localization.

MATERIALS AND METHODS

Materials: Thirty-eight adult patients (16 male 
and 22 female) with newly diagnosed supraten-
torial brain tumors enrolled in the study who 
were admitted for operative treatment to the 
Clinic of neurosurgery at the St George Uni-
versity Hospital of Plovdiv between 2010 and 
2012. Patients were selected after meeting the 
predetermined inclusion and exclusion crite-
ria and signing an informed consent. Mean age 
was 55.08±1.67 (SD 10.27); mean years of edu-
cation were 10.82±0.41 (SD 2.51). In order to 
achieve the purpose of this study the patients 
were divided into frontal (N=19) and non-fron-
tal (N=19) tumor subgroups for comparison ac-
cording to tumor localization. The exact locali-
zation of the lesions was determined preopera-
tively by neuroimaging investigations – com-
puted tomography scanning and/or magnetic 
resonance tomography with contrast enhance-
ment. The frontal tumor subgroup included 7 
cases of left frontal lobe tumors, 8 cases of right 
frontal lobe tumors and 4 cases of bifrontal tu-
mors. The non-frontal tumor subgroup includ-
ed as follows: 1 case of left temporo-medial and 
parasellar tumor; 1 case of the left temporo-
parietal tumor; 1 case of the left temporal tu-
mor; 1 case of the left parieto-occipital tumor; 
1 case of the left parietal tumor; 5 cases of right 
parietal tumors; 2 cases of right parieto-occip-
ital tumors; 6 cases of right temporal tumors; 
1 case of right temporo-parietal tumor. Accord-
ing to their histology based on the Classifica-

tion of Central Nervous System Tumors of the 
WHO from 2007, the study included 12 cases of 
Meningioma Gr.I and 3 cases of Meningioma Gr. 
II&III; 1 case of epidermoid tumor (cholestea-
toma); 4 cases of low-grade glioma (Gr. II); 13 
cases of high-grade glioma (Gr. III&IV); and 5 
cases of metastatic brain tumors.

Methods: Patients were followed up for a 
period of 7 months. They underwent a three 
point assessment of their cognitive status: base-
line (before surgery), at 1st and 7th postopera-
tive month. Cognitive functions wеre evaluated 
by means of extensive battery of widely used 
and standardized neuropsychological tests 
which included: The Mini Mental State Exami-
nation as a screening tool assessing global cog-
nitive functioning; The Bulgarian version of the 
Stroop Color Word Test measuring selective at-
tention and the capability of executive control 
[15]; Trail-making test part A and B – visual 
scanning, information processing speed, mo-
tor planning and attention/executive functions 
(divided attention and shifting); Go/no-go test 
– decision making and executive motor control; 
Verbal (categoric and phonemic) fluency – se-
mantic memory, executive functions; Digit Span 
test forward – short-term memory, and back-
ward – working memory; Digit-Symbol test – 
visual scanning, mental flexibility, sustained at-
tention, psychomotor and information process-
ing speed; Clock drawing test – planning within 
the executive functions.

Statistical analyses: Descriptive, paramet-
ric, nonparametric, correlation and ANOVA sta-
tistical analyses were made by SPSS software 
(version 17.0). Graphic analyses of data were 
performed using MS Office Excel 2003. Scores 
were expressed as mean (±SE). Kolmogorov-
Smirnov Test was used to test for normality 
of distribution. Most of the scores were non-
normally distributed and were, therefore, com-
pared by nonparametric methods. The numeri-
cal comparisons between consecutive measure-
ments (dependent groups) were assessed by 
Friedman within the whole group comparisons 
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and by Wilcoxon test in pairwise comparisons. 
The pairwise comparisons between two inde-
pendent groups were made by Mann–Whitney 
U test. A p<0.05 was considered to be statisti-
cally significant.

RESULTS

The frontal tumor subgroup demonstrated sig-
nificantly worse semantic memory assessed 
by the categoric fluency test (p<0.05), poorer 
selective attention and executive control evalu-
ated by the third part of the Stroop Color and 
Word Test (p<0.01) and executive functions ex-
amined by the phonemic fluency test (p<0.05) 
at baseline. ANOVA showed that the localization 
is a factor which influences the results from 
the categoric (F=4.88; p=0.03) and phonemic 
(F=5.82; p=0.02) fluency tests, and the Stroop 
test (F=11.20; p=0.002) at baseline.

The frontal tumor subgroup experienced 
non-significant overall improvement of seman-
tic memory assessed by the categoric fluency 
test of 15% compared to only 3% in the non-
frontal subgroup for the entire period of lon-
gitudinal assessments. Nevertheless, patients 
with frontal tumors scored lower results at 
each assessment (Fig.1).

Fig.1. Dynamics of semantic memory assessed by the 
categoric fluency test.
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The patients with frontal tumors demon-
strated significant (p<0.05) alleviation of their 
executive functions evaluated by the phonemic 
fluency test with nearly 62% as opposed to only 
24% in the non-frontal subgroup. These results 
are confirmed by the presence of a moderate 

correlation between the affiliation of the cases 
to the frontal and non-frontal subgroups and 
the dynamics of the results from the phonemic 
fluency test (rs=-0.38; p<0.05). Here as well, pa-
tients with frontal tumors scored lower results 
at each assessment (Fig.2).

Fig.2. Dynamics of executive functions assessed by 
the phonemic fluency test.
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As to the Stroop Test, the frontal subgroup 
showed significant and permanent improve-
ment of selective attention and executive con-
trol for the entire period with 83% (p<0.01), 
whereas the non-frontal subgroup experi-
enced non-significant overall improvement of 
only 6%. These results are confirmed by the 
presence of a moderate correlation between 
the affiliation of the cases to the frontal and 
non-frontal subgroups and the dynamics of the 
results from the third part of the Stroop Test 
(rs=-0.45; p<0.05). Again, patients with frontal 
tumors scored lower results at each assess-
ment (Fig.3).

Fig.3. Dynamics of selective attention and executive 
control assessed by the Stroop Test.
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The comparison of the results from the oth-
er neuropsychological tests used in this battery 
did not show statistically significant differences 
between the frontal and non-frontal subgroups.

DISCUSSION

The frontal lobes primarily support higher-
level cognitive processes, comprising executive 
skills and working memory [6]. Executive func-
tions include vital cognitive activities including 
decision-making, planning, executive control, 
sustained attention, awareness and insight. Not 
surprisingly, processing deficiencies can have 
far ranging effects that impact on educational 
attainment, employment and social function-
ing. For instance, executive skills deficits have 
been associated with poor outcomes on cogni-
tive rehabilitation programmes [9]. The frontal 
lobe function integrates reasoning, learning, 
and creative abilities in the service of executive 
control and decision-making [2]. Furthermore, 
frontopolar regions are engaged in exploratory 
behavior long-term memory cued retrieval, and 
in the early phase of learning new behaviors 
[3,5].

Our study demonstrates that frontal tumor 
patients suffer from more severe deficits in se-
mantic memory, selective attention, executive 
control and executive functions than non-fron-
tal cases but, in the same time, surgical removal 
of the frontal tumors creates favorable condi-
tions for recovery of those deficits. These im-
pairments can be successfully detected and fol-
lowed up by sensitive neuropsychological tests 
such as the verbal (categoric and phonemic) 
fluency test and the Stroop Test.

J. Alvarez и E. Emory (2006) point out that 
verbal fluency does not depend only on the 
semantic memory and vocabulary of the indi-
vidual but also on his/her executive functions 
because memory would be impaired if the in-
dividual cannot focus and sustain attention to 
the task and develop an effective strategy for 
retrieval of words from the available linguistic 
vocabulary as well as to exert self-control on 
the execution of the task such as to avoid rep-

etitions [1]. Therefore, we consider that the 
semantic memory domain in our frontal sub-
group is secondarily affected as a result of the 
impairment of attention and executive func-
tions which reflects the inability to develop an 
effective strategy for word retrieval and genera-
tion.

We confirm the findings from other studies 
which indicate that the verbal (categoric and 
phonemic) fluency tasks and the Stroop Test are 
sensitive neuropsychological tools for assess-
ment of frontal lobe dysfunction [1,7,11–13].

However, neuroimaging studies demon-
strate that the cognitive function cannot be 
linked to one and only anatomical region. More-
over, the frontal lobe regions have multiple con-
nections with various other cortical, subcorti-
cal, and brain stem sites and, thus, the frontal 
lobes should “be conceived as one aspect of an 
executive system involving many structures of 
the central nervous system“ [4]. For example, 
Alvarez and Emory (2006) share that the pho-
nemic fluency performance is associated with 
increased activation not only of certain frontal 
regions such as the left dorsolateral prefron-
tal cortex, anterior cingulate and left inferior 
frontal gyrus but it also activates a number of 
non-frontal brain areas, including the thalamus, 
parietal lobes and temporal lobes [1]. In addi-
tion, Heflin et al. (2011) noticed that apart from 
dorsolateral prefrontal cortical atrophy, the bi-
lateral parietal cortical atrophy was also associ-
ated with poorer scores on the Stroop Test [10].

CONCLUSION

The current study suggests that the verbal flu-
ency tests and the Stroop Test are sensitive tools 
for assessment of frontal lobe attention and ex-
ecutive dysfunction. In addition, the specific-
ity of these tests should be addressed in future 
longitudinal neuropsychological and functional 
neuroimaging studies assessing executive skills 
and memory before and after brain tumor re-
sections which will hold promise in elucidating 
the nature and mechanisms underlying frontal 
lobe dysfunction.
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РЕЗЮМЕ

Значимостта на когнитивното функцио-
ниране и качеството на живот при пациентите 
страдащи от мозъчни тумори е оценена едва 
през последните години.

ЦЕЛ

Да се извърши проспективно проследяване на 
влиянието на малигнеността на мозъчните ту-
мори върху когнитивния статус и качеството на 

Abstract

The importance of cognitive functioning and quality 
of life in brain tumor patients has only recently been 
recognized.

AIM

To prospectively study the impact of tumor malig-
nancy on cognitive status and quality of life in pa-
tients with supratentorial brain tumors.
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живот при пациентите със супратенториални 
мозъчни неоплазми.

МАТЕРИАЛИ И МЕТОДИ

В проучването са включени общо 38 пациента 
със супратенториални мозъчни тумори, които 
са рaзпределени в две подгрупи в зависимост 
от хистологията им: злокачествени (N=25) и до-
брокачествени (N=13). Проведено е трикратно 
изследване за период от 7 месеца чрез прилага-
нето на набор от широко използвани и стандар-
тизирани невропсихологични тестове и скали 
за оценка на качеството на живот {Скала на Кар-
нофски (KPS) и въпросник за оценка на качест-
вото на живот версия 3.0 на Европейската Орга-
низация за Проучване и Лечение на Рака (EORTC 
QLQ-C30)}.

РЕЗУЛТАТИ

Подгрупата на малигнените мозъчни тумори 
показва значително по-слаба краткосрочна па-
мет на седми следоперативен месец (р<0.05), по-
лош функционален статус (р<0.05) в началото и 
края на проследяването, както и по-лоша само-
оценка на общото качество на живот (р<0.01) и 
ролевата дееспособност (р<0.05) измерени чрез 
QLQ-C30 в края на проследяването.

ЗАКЛЮЧЕНИЕ

Малигнените мозъчни тумори са свързани със 
значимо по-голямо нарушение на краткосроч-
ната памет и качеството на живот спрямо тези 
с доброкачествени тумори. Комбинацията от 
невропсихологичното изследване и измерване-
то на качеството на живот е важно средство за 
оценка на изхода от проведеното лечение при 
пациентите с мозъчни неоплазми.
Ключови думи: мозъчен тумор, качество на 
живот,когнитивен дефицит, малигненост
 

MATERIALS AND METHODS

A total of 38 patients with supratentorial brain tu-
mors were divided into malignant (N=25) and be-
nign (N=13) tumor subgroups for comparison ac-
cording to their histology. They underwent three-
fold assessment for a period of 7 months using a 
battery of widely used and standardized neuropsy-
chological tests and quality of life scales {Karnofsky 
Performance Status Scale (KPS) and Quality of Life 
Questionnaire-C30, version 3.0 of the European Or-
ganization for Research and Treatment of Cancer 
(EORTC QLQ-C30)}.

RESULTS

The malignant tumor subgroup showed significant-
ly worse short-term memory at the 7th postopera-
tive month (p<0.05), lower KPS scores at baseline 
and 7th postoperative month (p<0.05) and demon-
strated worse global QOL (p<0.01) and role func-
tioning (p<0.05) measured by QLQ-C30 at the end of 
the study compared to the benign tumor subgroup.

CONCLUSION

Malignant brain tumors are associated with greater 
impairment of short-term memory and quality of 
life than benign tumors. The combination of neu-
ropsychological and QOL assessment is an impor-
tant outcome measure in the treatment of brain tu-
mor patients.
Key words: Brain tumor, quality of life, cognitive 
deficit, malignancy
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INTRODUCTION

The incidence of brain tumors varies between 
5% and 10% of all neoplasms [17]. It is well 
recognized that impairment of neurocognitive 
functioning, resulting in behavioral, emotional, 
and intellectual difficulties, occurs in nearly all 
patients with brain tumors and eventually com-
promises their independence. This impairment 
is related to a combination of various factors, 
including the tumor itself, tumor-related treat-
ment, and patient-related factors [8]. Neuro-
cognitive function is an important determinant 
of quality of life (QOL) [9]. One of the most im-
portant and widely used tools for assessment 
of QOL in brain tumor patients are the KPS and 
QLQ-C30 of the EORTC [1,3].

The purpose of this study was to prospec-
tively study the effect of tumor malignancy on 
cognitive status and QOL in adult patients with 
supratentorial brain tumors.

MATERIALS AND METHODS

Materials: The study included a total of 38 
adult patients (16 male and 22 female) with 
newly diagnosed supratentorial brain tumors 
who were admitted for operative treatment to 
the Clinic of neurosurgery at the St George Uni-
versity Hospital of Plovdiv between 2010 and 
2012. Patients were selected after meeting the 
predetermined inclusion and exclusion crite-
ria and signing an informed consent. Mean age 
was 55.08±1.67 (SD 10.27); mean years of edu-
cation were 10.82±0.41 (SD 2.51). In order to 
achieve the final goal of this study the patients 
were divided into malignant (N=25) and benign 
(N=13) tumor subgroups for comparison ac-
cording to their histology based on the Classifi-
cation of Central Nervous System Tumors of the 
WHO from 2007. The benign tumor subgroup 
included 12 cases of Meningioma Gr.I and 1 
case of epidermoid tumor (cholesteatoma). The 
malignant tumor subgroup included 4 cases of 
low-grade glioma (Gr. II), 13 cases of high-grade 
glioma (Gr. III&IV), 3 cases of Meningioma Gr. 
II&III and 5 cases of metastatic brain tumors. 

All of the patients from the malignant tumor 
subgroup were subject to adjunctive therapy 
(radiotherapy and/or chemotherapy) in addi-
tion to the surgical resection of the lesion.

Methods: Patients were followed up for a 
period of 7 months. They underwent a threefold 
assessment of their cognitive status and QOL: 
baseline (before surgery), at 1st and 7th postop-
erative month. Cognitive functions were evalu-
ated by means of an extensive battery of widely 
used and standardized neuropsychological tests 
which included: The Mini Mental State Examina-
tion as a screening tool assessing global cognitive 
functioning; The Bulgarian version of the Stroop 
Color Word Test measuring selective attention 
and the capability of executive control [18]; Trail-
making test part A and B – visual scanning, infor-
mation processing speed, motor planning and 
attention/executive functions (divided attention 
and shifting); Go/no-go test – decision making 
and executive motor control; Verbal (categoric 
and phonemic) fluency – semantic memory, exec-
utive functions; Digit Span test forward – short-
term memory, and backward – working memory; 
Digit-Symbol test – visual scanning, mental flex-
ibility, sustained attention, psychomotor and in-
formation processing speed; Clock drawing test 
– planning within executive functions.

Patients’ functional status was assessed by 
the KPS score (varying 0–100). Health-related 
QOL was evaluated by means of the QLQ-C30 
version 3.0 of the EORTC. The latter is a 30-item 
questionnaire composed of multi-item scales 
and single items that reflect the multidimen-
sionality of the QOL construct. It includes five 
functional scales (physical, role, cognitive, emo-
tional, and social), three symptom scales (fa-
tigue, pain, and nausea/vomiting), and a global 
health status/QOL scale. The remaining single 
items assess additional symptoms commonly 
reported by cancer patients (dyspnea, appetite 
loss, sleep disturbance, constipation, and diar-
rhea), as well as the perceived financial impact 
of the disease and treatment.

Statistical analyses: Descriptive, paramet-
ric, nonparametric, correlation and ANOVA sta-
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tistical analyses were made by SPSS software 
(version 17.0). Graphic analyses of data were 
performed using MS Office Excel 2003. Scores 
were expressed as mean (±SE). Kolmogorov-
Smirnov Test was used to test for normality 
of distribution. Most of the scores were non-
normally distributed and were, therefore, com-
pared by nonparametric methods. The numeri-
cal comparisons between consecutive measure-
ments (dependent groups) were assessed by 
Friedman within the whole group comparisons 
and by Wilcoxon test in pairwise comparisons. 
The pairwise comparisons between two inde-
pendent groups were made by Mann–Whitney 
U test. A p<0.05 was considered to be statisti-
cally significant.

RESULTS

From all cognitive domains studied, the only 
one which was statistically different between 
the two subgroups was the short-term memory 
domain assessed by the Digit Span test forward. 
The patients from the malignant brain tumor 
subgroup showed significantly worse results on 
short-term memory test at the 7th postoperative 
month (p<0.05) compared to the patients suf-
fering from benign tumors. The malignant tu-
mor subgroup exhibited a slight postoperative 
improvement of this domain at the first post-
operative month which was only temporary 
and followed by an overall drop for the entire 
period of 4%. By contrast, the benign tumor 

Fig.1.  
Dynamics of the short-term memory 
domain assessed by the Digit Span 
Forward Test.

subgroup had a temporary drop of short-term 
memory at the 1st month after surgery but they 
recovered and experienced insignificant overall 
improvement of 6% at 7th postoperative month 
compared to baseline results (Fig. 1).

The malignant tumor subgroup also dem-
onstrated significantly lower functional status 
(KPS) at baseline and 7th postoperative month 
(p<0.05), poorer global QOL (p<0.01) and 
role functioning (p<0.05) at 7th postoperative 
month. Some symptoms such as pain, nausea 
and vomiting were also more prominent in the 
malignant tumor subgroup at the 1st postopera-
tive month (p<0.05).

Both subgroups demonstrated significant 
postoperative improvement in functional sta-
tus and global QOL that were stable for the 
entire follow-up period but it was more promi-
nent in the benign tumor subgroup – overall im-
provement of KPS was 15% and that of global 
QOL – 78%, whereas in the malignant tumor 
subgroup these per cents were 10% and 25% 
respectively (Fig.2 and 3).

The benign tumor subgroup demonstrated 
significant and stable postoperative improve-
ment of role functioning for the entire period 
reaching 44% (p<0.05), whereas in the malig-
nant tumor subgroup the improvement was 
only temporary at the 1st postoperative month 
(p<0.05) without reaching statistical signifi-
cance for the entire period (18%) compared to 
baseline results.
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ANOVA analysis showed that tumor malig-
nancy is a factor which influences the functional 
status (KPS) at baseline (F=8.08;p=0.007) and 
at 7th postoperative month (F=5.70;p=0.02), 
and global QOL assessed by QLQ-C30 at the end 
of the follow-up period (F=11.34;p=0.002).

DISCUSSION

Tucha et al. (2000) share that memory is one of 
the most commonly affected cognitive domains 
which presents in as much as 60% of patients 
suffering from brain neoplasms [15]. The im-
pact of tumor histology on cognitive function-
ing has been a matter of debate. Some publica-
tions point out that tumor malignancy is an im-
portant factor playing a role in the development 
of cognitive impairments, while others disagree 
and share that tumor lateralization really mat-
ters [10,11]. Nonetheless, Hahn et al. (2003) 
emphasize that cognitive impairment is more 
severe in rapidly-growing malignant tumors as 

opposed to slow-growing ones [7]. The current 
study shows that short-term memory is more 
prominently and permanently impaired in pa-
tients with malignant brain tumors despite 
of the fact that surgical treatment can lead to 
temporary postoperative improvement in this 
subgroup. One of the reasonable explanations 
of this phenomenon may be the influence of 
adjuvant therapies such as radiotherapy and/
or chemotherapy which are usually started in 
virtually all cases of malignant brain tumors 
after surgery. Some authors share that radia-
tion-induced cognitive impairment may affect 
50%-90% of patients 6 months post-irradia-
tion and one of the most prominent deficits is 
found in the memory domain [6]. In addition, 
Warrington et al. (2012) point out that memory 
impairment, considered to be irreversible, can 
alleviate over time in long-term survivals (more 
than 3 years) with malignant brain tumors [16].

The benign tumor subgroup demonstrated 
a temporary postoperative drop of short-term 

Fig.2. Dynamics of the functional 
status assessed by KPS.

Baseline

K
P
S
 (

%
)

Malignant subgroup

60
65

70

75

80

90

85

Bening subgroup

1st month 7th month

Fig.3.  
Dynamics of the global QOL assessed 
by QLQ-C30.
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memory at 1st postoperative month which was 
followed by a period of recovery and showed 
overall improvement of 6% at the 7th postoper-
ative month compared to baseline results. The 
temporary worsening 1 month after operative 
treatment may be due to surgical side-effects. 
Our observation is confirmed by other publica-
tions which share, that due to brain plasticity, pa-
tients can experience long-term improvements 
of cognitive deficits usually after transient post-
operative decline [5,13]. Cerebral plasticity is 
considered to be a continuous process allowing 
short-term, middle-term and long-term remod-
eling of neuron-synaptic maps, to optimize the 
functioning of brain networks [4,12].

Health-related quality of life (HRQOL) has 
become an important outcome measure in 
brain tumor clinical trials [14]. Our study dem-
onstrates that surgery and adjuvant therapy 
leads to permanent improvement of functional 
status (KPS) and global QOL in both the be-
nign and malignant subgroups. Nevertheless, 
the malignant brain tumor subgroup showed 
significantly poorer levels of functional status, 
global QOL and role functioning compared to 
the patients with benign lesions. Baseline re-
sults were worse for both groups as opposed 
to postoperative ones. This observation was 
shared by Budrukkar et al. (2009) who impli-
cate the idea that brain tumor itself and the re-
sulting cognitive deficit are the major factors 
influencing the patients’ QOL [2]. Some authors 
share the opinion that surgery may initially, at 
least temporarily, improve QOL dramatically 
in a significant proportion of patients with se-
vere symptoms related to increased intracra-
nial pressure. Conversely, radiotherapy may 
decrease QOL in some patients from adverse 
effects such as hair loss, fatigue, somnolence, or 
cognitive problems [8].

Actually, our findings confirm the above-
mentioned statement because the malignant tu-
mor subgroup showed considerable postopera-
tive improvement at 1st month due to surgery 
followed by a period of worsening between the 
1st and 7th postoperative month which can be 

explained by the impact of the adjuvant thera-
pies side-effects on patients’ QOL. A piece of 
evidence confirming that is the fact that the be-
nign tumor subgroup, which was not exposed 
do adjunctive therapies, demonstrated signifi-
cantly better and more stable improvement in 
terms of their functional status, global QOL and 
role functioning.

CONCLUSION

The current study demonstrates that tumor ma-
lignancy have certain impact on neurocognitive 
functioning and QOL of adult patients suffer-
ing from supratentorial brain tumors. Patients 
with malignant brain tumors are prone to ex-
hibit a more pronounced impairment of short-
term memory. They also have poorer functional 
status and QOL which tends to worsen over 
time probably owing to the devastating nature 
of their disease and the side-effects of the ad-
juvant therapies such as radiotherapy and/or 
chemotherapy that they received.
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Резюме

Изследванията на Kачеството на живот, 
свързано със здравето биха могли да се използ-
ват за определяне на състоянието на пациенти-
те, тяхното благополучие и възприемането на 
собственото им здраве във всяка една от след-
ните 3 области: физическа, психическа и соци-
ална. Целта на статията е да се направи обзор и 
анализ на използването на въпросници за оцен-
ка на качеството на живот на пациенти с редки 
болести, oбсъждайки приложенията на стан-
дартизирани общи и специфични въпросници. 
Дискутира се необходимостта и значението от 
разработването на специфични въпросници за 
оценка на качеството на живот и ролята им за 
стимулиране броя и качеството на изследва-
нията на пациентите с реки болести, в часност 
Таласемия и значението на инструмента за кли-
ничната практика. Чрез обединените усилия на 
медицински специалисти, психолози, пациент-
ски организации и хора ангажирани с проблема 

Abstract

Quality of life (QoL) assessment, related to 
health issues, could be useful when determining a 
patient’s condition, well-being and self-perception 
of own health in the context of physical, mental an 
social functioning. Aim of this article is to review and 
analyze current practices in the implementation of 
QoL instruments for the successful management of 
patients with rare diseases. Different standardized 
generic and disease-specific QoL instruments are 
described. Discussion evolves on the unmet need for 
developing and validating disease-specific instru-
ments for QoL assessment in thalassemia and how 
this would improve research on patient-reported 
outcomes in rare diseases. We propose a new vali-
dated disease-specific instrument and its potential 
use for QoL assessment in thalassemia.

Key words: Quality of life, rare diseases, thalas-
semia, generic and disease-specific questionnaires.
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ние предлагаме валидизиран въпросник за из-
ледване на качеството на живот на пациенти с 
таласемия.

Ключови думи: качество на живот, редки 
болести, таласемия, общи и специфични въ-
просници
 

Quality of life (QoL) can be defined as an in-
tegral reflection of a patient’s wellbeing in the 
context of an illness, social functioning, daily 
activities and family life based on the patient’s 
overall perception. It is an important measure 
for purposefulness, substantiveness, value and 
fulfillness of life. This concept is strongly appli-
cable for patients with chronic diseases. Defin-
ing a robust methodology for the analysis of QoL 
assessment and improving outcomes is of great 
importance for current medical sciences. QoL 
questionnaires impose increasingly as an indis-
pensable measure for evaluating patient’s satis-
faction and the quality of healthcare services [6].

Aim of this paper is to review and analyze 
information on the use of generic and specific 
QoL questionnaires in patients with rare dis-
eases, as well as to present a new thalassemia-
specific QoL questionnaire.

1. QoL ASSESSMENT WITH GENERIC AND 
DISEASE-SPECIFIC INSTRUMENTS

1.1 Generic instruments

For QoL assessment two types of instruments can 
be used – “generic“ and “disease-specific“. QOL 
instruments applied into practice need to demon-
strate good psychometric properties. More than 
250 types of instruments have been developed. 
Pre-determined health concepts are measured by 
rating on scales answers to each question.

Several QoL questionnaires and rating 
scales are known such as SF-36 (Health Sur-
vey), World Health Organization QoL instru-
ment (WHOQOL), EQ-5D, (HQ) Harvard Pilgrim 
Health Care. An appropriate example for a ge-

neric questionnaire, applicable worldwide both 
for chronically ill patients and healthy individu-
als is the SF-36 Health Survey and its short ver-
sion SF-12, developed at the RAND Corporation 
in the USA.

Good instruments yield results not only 
for general health indices but also for profiles 
which assess different components of QoL. For 
example the instrument SF-36 Health Survey 
measures eight different health concepts of 
QoL: physical functioning, role limitations due 
to physical health problems, bodily pain, gen-
eral pain, vitality, social functioning, role limita-
tion due to emotional problems, mental health 
[29]. Main disadvantage of generic instruments 
is their inability to yield the benefits from al-
ready implemented health programs thus limit-
ing the identification of possible measures for 
improving patient’s satisfaction.

1.2 Disease-specific instruments

Implementation of disease-specific instruments 
in certain patient populations has proven to be 
beneficial in terms of effective patient manage-
ment. Therefore it is of crucial importance to 
widely use these types of instruments in medi-
cal practice. Aim of this article is to present the 
composition and implementation of thalassem-
ia-specific QoL instrument.

“Rare diseases“ is an umbrella term, includ-
ing many nosological entities. However, patients 
with a certain diagnosis are few. This restricts 
gaining awareness on QoL in patients with rare 
diseases and dampens scientific research on 
the topic as well. Disease-specific instruments 
can evaluate treatment-related QoL changes in 
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a patient’s life on the basis of repeated meas-
ures [26]. This type of instruments enables all 
involved specialists in the decision-making pro-
cess (attending physicians, social workers, psy-
chologists) to take relevant actions on improv-
ing the patient’s well-being. The most widely 
used disease-specific QOL instruments in medi-
cal practice are presented in Tables 1 and 2:

Table 1.  
Most commonly used disease-specific QoL 
instruments in general medical practice.

Title Abbreviation

Child Health Questionnaire [10] (CHQ)
Child Health and Illness Profile-Adolescent Edition [10]  (CHIP-AE)
Osteoporosis Quality of Life Questionnaire[17] (Qualeffo-41)

Kidney Disease Quality of Life [18] (KDQOL)
Duke Health Profile [3] (DUKE)

London Handicap Scale [1] (LHS)
Quality of Well-Being Scale [21] (QWB)
Primary Care Assessment Survey [33] (PCAS)
Adult Asthma Quality of Life Questionnaire [12] (AQLQ)
Pediatric Asthma Quality of Life Questionnaires [7] (PAQLQ)
MOS-HIV Health Survey [14] (MOS-HIV)
Migraine Specific Quality of Life [8] (MSQOL)
Migraine Specific Quality of Life Questionnaire [9] (MSQ v.2.1)
24-Hour Migraine Quality of Life Questionnaire [13] (24-Hr-MQOLQ)
St. George’s Respiratory Questionnaire – UK Parent  
Version [20]

(SGRQ-UK)

Seattle Angina Questionnaire [24] (SAQ)
Urinary Incontinence-Specific Quality of Life Ques-
tionnaire [32]

(I-QOL-US)

Table 2.  
QoL instruments specific for rare diseases

Title Abbreviation

Idiopathic thrombocytopenic purpura Quality of Life 
Questionnaire for children [36]

(ITP-QoL)

Haemophilia Quality of life questionnaire [5,4] (Haemo-QoL)

Acromegaly Quality of Life questionnaire [37] (AcroQoL)
Atopic Dermatitis Quality of Life questionnaire [39] (QoLIAD)
Cystic fibrosis Quality of Life questionnaire [30] (CFQ)
Hypercortisolism Quality of Life questionnaire [38] (Cushing QoL)

Table 1 lists several of the most commonly 
used disease-specific QOL instruments. They 
have been developed for a particular disease 
condition. Furthermore, they must be translated 
and adapted for use in particular country.

Table 2 includes disease-specific QoL in-
struments for patients with rare diseases. Due 
to the small number of patients and their ir-
regular distribution worldwide only few QoL 
instruments have been developed for small part 
of the rare diseases.

1.3 QoL assessment  
in patients with rare diseases

Most of the research on QoL in patients with 
rare diseases has been conducted using generic 
instruments or in combination with disease-
specific ones, which are listed in Table 3.

Table 3.  
Generic and disease-specific instruments used for 
QOL assessment in patients with rare diseases

Disease/Condition Applied instrument

Takayasu’s arteritis
(Pulseless disease) [11]

SF-36 generic instrument

Hereditary hemorrhagic telangiec-
tasia (HHT)

(Rendu-Osler-Weber disease) [28]

SF-36 generic instrument

Sickle Cell Anemia [25] SF-36 generic instrument

Fabry-Anderson disease [27] EQ-5D generic instrument

Neurofibromatosis type 1 [23] SF-36 generic instrument
Skindex-29 disease-specific instru-
ment

Duchenne muscular dystrophy
[19,22,2]

WHOQOL-100 generic instrument
BDI disease-specific instrument
TACQoL disease-specific instrument
(chronic illnesses) (8–15 years)
TACQoL-CF (15–17 years)
TAAQoL (adults)

Hypercortisolism
(Cushing's syndrome) 

SF-36 generic instrument
Cushing QoL disease-specific 
instrument

Acromegaly SF-36 generic instrument
AcroQoL disease-specific instru-
ment

Thalassemia [35,31,34] SF-36 generic instrument
EQ-5D generic instrument
GHQ-12 generic instrument
WHOQOL-100 generic instrument

Atopic Dermatitis QoLIAD disease-specific instrument
Idiopathic thrombocytopenic 

purpura 
ITP-QoL disease-specific instru-
ment

Haemophilia HAEMO-QoL disease-specific 
instrument

Cystic fibrosis CFQ disease-specific instrument
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For example, studies of QOL in patients with 
hemophilia have increased in number only af-
ter the disease-specific instrument HAEMO-
QoL has been developed. All studies conducted 
in different countries yielded similar results. 
Disease-specific instruments possess greater 
potential to capture not only the current condi-
tion but also changes related to lifestyle.

2. QoL INSTRUMENT  
IN PATIENTS WITH THALASSEMIA

The development of a new instrument is time-
consuming, usually requires the time-span of 
a PhD research. Most researchers use already 
existing instruments and adapt them accord-
ingly to the particular study. In that case they 
most probably would have to face the question: 
“How to choose the right instrument among all 
those, which seem to measure the same con-
cept?“ “Good instrument“ can be constructed 
on the basis of a detailed literature review of 
the different instruments, known so far. Reli-
able results can be yielded only after the re-
quirement is met for validation, translation 
and adaptation of the instrument for use in a 
particular country.

Taking into consideration the above-men-
tioned, we faced the challenge to develop own 
QoL instrument for patients with thalassemia. 
The presented instrument is disease-specific 
and the process of its development involved 
an interdisciplinary team of specialists. Our 
preliminary research indicates that up to this 
date no specific QoL instrument for thalassem-
ia exists and even though being a rare disease, 
thalassemia is not uncommon in Bulgaria. Be-
cause of treatment specificity and its impor-
tance for the prospective disease evolution pa-
tients are extremely dependent on how their 
quality of life is rated. In other words, patients, 
who undergo treatment and are motivated to 
adhere to it, experience more favorable out-
comes than those who are uninformed and un-
motivated [16].

The Rationale behind developing the new 
instrument is based on:

1.	Its ability to evaluate QoL components, which 
cannot be assessed with current instruments.

2.	The new instrument allows improvement in 
research (it is simple, easily applicable and 
adaptable, sensitive to QoL changes in patient’s 
condition) [15].

The instrument  
was developed at three stages:

First stage: Primary pilot study including 24 
patients (10 males/14 females).

The instrument consisted of 22 questions 
in following domains: physical health, mental 
health and social wellbeing. Numeric scale was 
used to rate the patient’s satisfaction.

Results yielded following conclusions:
(+)

•	 Good patient compliance;
•	 High correlation coefficient between test-retest 

(rxy>0.90), i.e. good external validation;
•	 Good statistical values for internal validation 

(Cronbach coefficient > 0.7).
(–)

•	 Questions on physical health had to be 
reconstructed (due to different perception 
from females and males);

•	 Rating scale was be changed from numeric to 
ordinal;

•	 Second pilot study evaluating the corrected 
instrument.

Second stage: The second pilot study com-
prised of 20 patients (8 males/12 females). 
The instrument included 20 questions in the 
domains of physical health, mental health and 
social wellbeing. Patient satisfaction was rated 
on a five-item Likert scale:

YES rather YES
neither YES,

nor NO 
rather NO NO

In order to guarantee that patients have 
clearly understood the questions and thus 
maximizing the accuracy of our results, we 
have reformulated some questions after the 
first study.



38

 

Bulgarian medicine vol. 3 № 1/2013

Results from the second study yielded 
following conclusions:

•	 High correlation coefficient between test-
retest;

•	 Good internal validation;
•	 Significant QoL improvement, if patients 

strongly adhere to treatment;
•	 Good utility measure when this type of 

instruments is used to evaluate treatment and 
social care efficacy.

Third stage: The final version was developed 
after taking into consideration results from 
both pilot studies and the input from medical 
professionals, public health professionals, psy-
chologists and patients from the Bulgarian Or-
ganization of Patients with Thalassemia.

In the process of developing our instrument 
we relied on the experience from already exist-
ing QoL instruments for rare diseases, chronic 
illnesses and conditions with negative impact 
on physical, emotional and social well-being. 
The instrument was fairly well accepted by pa-
tients. Information on their physical and mental 
condition was useful for evaluating treatment 
efficacy. Our team hopes for an increase in stud-
ies focusing on QoL assessment in thalassemia 
which could aid the policy making process of 
improving the QoL of the affected individuals.
Figure 1. 
Questionnaire (instrument) for quality of life in patients 
with thalassemia – structure

Фигура 1. Въпросник (инструмент) за качество 
на живот при пациенти с таласемия

20 
QUESTIONS 

3 
DOMAINS 

 

Physical health
6 items 

Thal-QoL
IN PATIENTS

WITH
THALASSEMIA 

Mental health
7 items 

Social
wellbeing
7 items

The instrument is anonymous. However, 
monitoring and subsequent follow up of 
patients are possible due to the integrated 
unique patient identification number. Our 
questionnaire comprises of 20 questions, 
relevant to three domains- physical health, 
mental health and social well-being, which 
gather information on:

The health condition of a patient – pain, fa-
tigue and different types of discomfort

•	 Emotional well-being – subjective feelings, 
personal issues, acceptance of administered 
therapy.

•	 Social functioning – daily activities, abilities 
to study, employment, leisure time and social 
acquaintances.

This instrument is specific for Thalassemia 
and gives answers to questions that are 
particularly related to the disease and the 
resulting problems and conditions.

In conclusion, we can point out that the 
instrument (Thal-QoL) is developed following 
established procedures for creating parameters 
for QoL assessment – such that have been used 
for already existing instruments. Interest in as-
sessing QoL among patients with rare diseases 
is increasing. Even more authors take into con-
sideration the way patients experience their 
own health, psycho-emotional functioning and 
every aspect of the received treatment. Balanc-
ing between personal perception on one hand 
and external evaluation on the other, regarding 
as many as possible health concepts enables 
reliable measurement and objective analysis of 
QoL of these patients. QoL research studies are 
most successful in the context of international 
cooperation which is necessary for achieving 
meaningful and sustainable impact worldwide.
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Изисквания към авторите  / Author’s guidelines

The Bulgarian Medicine Journal, official edition 
of the Bulgarian Academy of Science and Arts, 
Science Division, Research Center for Medicine 
and Health Care is published in 4 issues 
per year. It accepts for publication reviews, 
original research articles, case reports, short 
communications, opinions on new medical 
books, letters to the editor and announcements 
for scientific events (congresses, symposia, 
etc) in all fields of fundamental and clinical 
medicine. The journal is published in English 
with exceptional reviews on significant topics 
in Bulgarian. The detailed abstracts and the 
titles of the articles, the names of the authors 
and institutions as well as the legends of the 
illustrations (figures and tables) are printed in 
Bulgarian and English. Bulgarian medicine is 
available online at the website of the Academy, 
publications section.

The manuscripts should be submitted in 
two printed copies, on standard A4 sheets 
(21/30 cm), double spaced, 60 characters per 
line, and 30 lines per standard page.

The size of each paper should not exceed 
10 pages (up to 5  000 words) for original 
research articles, 12 pages for reviews (7 500 
words), 3 pages for case reports, 2 pages for 
short communications, 4 pages for discussions 
or correspondence on scientific events on 
medical books or chronicles. The references or 
illustrations are included in this size (two 9x13 
cm figures, photographs, tables or diagrams are 
considered as one standard page).

The abstracts are not included in the 
size of the paper and should be submitted on 
a separate page with 3 to 5 key words at the 
end of the abstract. They should reflect the 
most essential topics of the article, including 
the objectives and hypothesis of the research 
work, the procedures, the main findings and the 
principal conclusions. The abstracts should not 

Списание „Българска медицина“, издание на 
Българската Академия на Науките и Изку-
ствата, Отделение за наука, Научен център 
по медицина и здравеопазване, излиза в 
четири книжки годишно. „Българска меди-
цина“ е достъпна онлайн на сайта на БАНИ, 
раздел издания.

В него се отпечатват оригинални науч-
ни статии, казуистични съобщения, обзори, 
рецензии и съобщения за проведени или 
предстоящи научни конгреси, симпозиуми 
и други материали в областа на клиничната 
и фундаменталната медицина. Списанието 
излиза на английски език с подробни ре-
зюмета на български и английски. Изклю-
чения се правят за обзорни статии по осо-
бено значими теми. Заглавията, авторските 
колективи, а също надписите и означенията 
на илюстрациите и в таблиците се отпечат-
ват и на двата езика.

Материалите трябва да се предоставят в 
два еднакви екземпляра, напечатани на пи-
шеща машина или на компютър, на хартия 
формат А4 (21 х 30 см), 60 знака на 30 реда 
при двоен интервал между редовете (стан-
дартна машинописна страница). Освен това 
могат да бъдат изпратени като прикачени 
файлове по електронната поща на адресите, 
посочени по-долу.

Обемът на представените работи не 
трябва да превишава 10 стандартни страни-
ци за оригиналните статии (или 5000 думи 
според стандарта на англосаксонските из-
дания) 12 страници (7 500 думи) за обзор-
ните статии, 3–4 страници за казуистични-
те съобщения, 4 страници за информации 
относно научни прояви в България и в чуж-
бина, както и за научни дискусии, 2 стра-
ници за рецензии на книги (монографии и 
учебници). В посочения обем се включват 
книгописът и всички илюстрации и табли-
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exceed one standard typewritten page of 200 
words.

The basic structure of the manuscripts 
should meet the following requirements:

Title page

The title of the article, forename, middle 
initials (if any) and family name of each author; 
institutional affiliation; name of department(s) 
and institutions to which the work should 
be attributed, address and fax number of the 
corresponding author.

Text of the article

Titles and subtitles should be standardized.
The original research reports should have 

the following structure: introduction (states the 
aim, summarizer the rationale for the study), 
subjects and materials, methods (procedure 
and apparatus in sufficient detail, statistical 
methods), results, discussion, conclusions 
(should be linked with the aims of the study, 
but unqualified statements not completely 
supported by research data should be avoided). 
These requirements are not valid for the other 
types of manuscripts. Only officially recognized 
abbreviations should be used, all others should 
be explained in the text. Units should be used 
according to the International System of 
Units (S. I. units). Numbers to bibliographical 
references should be used according to their 
enumeration in the reference list.

Illustrations

Photographs should be presented both in 
the text body to indicate their location and in 
separate files as saved in jpeg, tif or bitmap 
formats.

The figures, diagrams, schemes, photos 
should be submitted in a separate file with: 
consecutive number (in Arabic figures); titles 
of the article and name of the first author. The 
explanatory text accompanying the figures 
should be presented along with the respective 
number of the figure in the main text body with 
space left for insertion of the figure.

ци. В същия не се включват резюметата на 
български и английски, чийто обем трябва 
да бъде около 200 думи за всяко (25–30 ма-
шинописни реда).

Резюметата се представят на отделни 
страници.Те трябва да отразяват конкретно 
работната хипотеза и целта на разработка-
та, използваните методи, най-важните ре-
зултати и заключения. Ключовите думи (до 
5), съобразени с „Medline“, трябва да се посо-
чат в края на всяко резюме.

Структурата на статиите трябва да отго-
варя на следните изисквания:

Титулна страница

а)	заглавие, имена на авторите (собствено име 
и фамилия), название на научната органи-
зация или лечебното заведение, в което те 
работят. При повече от едно заведение име-
ната на същите и на съответните автори се 
маркират с цифри или звездички;

б)	същите данни на английски език се изпис-
ват под българския текст.

Забележка: при статии от чужди автори 
българският текст следва английския. Точ-
ният превод от английски на български се 
осигурява от редакцията. Това се отнася и за 
останалите текстове, включително резюме-
тата на български.

Основен текст на статията

Заглавията и подзаглавията следва да бъдат 
уеднаквени и различими.

Оригиналните статии задължително 
трябва да имат следната структура: увод, 
материал и методи, собствени резултати, 
обсъждане, заключение или извод.

Методиките следва да бъдат подробно 
описани (включително видът и фирмата 
производител на използваните реактиви 
иапаратура). Същото се отнася и за статис-
тическите методи.

Тези изисквания не важат за обзорите и 
другите видове публикации. В текста се до-
пускат само официално приетите междуна-
родни съкращения; при използване на дру-
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References

The references should be presented on a 
separate page at the end of the manuscript. It 
is recommended that the number of references 
should not

Exceed 20 titles for the original articles and 
40 titles for the reviews; 70 % of them should be 
published in the last 5 years. References should 
be listed in alphabetical order, English first, 
followed by the Bulgarian ones in the respective 
alphabetic order. The number of the reference 
should be followed by the family name of the 
first author and then his/her initials, names of 
the second and other authors should start with 
the initials followed by the family names. The 
full title of the cited article should be written, 
followed by the name of the journal where it 
has been published (or its generally accepted 
abbreviation), volume, year, issue, first and last 
page. Chapters of books should be cited in the 
same way, the full name off the chapter first, 
followed by“In:“ full title of the book, editors, 
publisher, town, year, first and final page 
number of the cited chapter.

Examples:

Reference to a journal article:
1.	McLachan, S. , M. F. Prumel, B. Rapoport. Cell 

Mediated or Humoral Immunity in Graves’ 
Ophthalmopathy? J. Clin. Endocrinol. Metab., 
78, 1994, 5, 1070–1074.

Reference to a book chapter:
2.	Delange, F. Endemic Cretenism. In: The Thyroid 

(Eds. L. Braveman and R. Utiger). Lippincott Co, 
Philadelphia, 1991, 942–955.

Submission of manuscripts

The original and one copy of the complete 
manuscript are submitted together with a 
covering letter granting the consent of all 
authors for the publication of the article as well 
as a statement that it has not been published 
previously elsewhere and signed by the first 
author. The procedure should be complemented 
via electronic submission. Manuscripts of 

ги съкращения те трябва да бъдат изрично 
посочени в текста. За мерните единици е 
задължителна международната система SI. 
Цитатите вът-ре в текста е препоръчително 
да бъдат отбелязвани само с номерата им в 
книгописа.

Илюстрации и таблици

Снимките – освен в Word, за да се знае 
мeстоположението им, следва да бъдат пре-
доставени и като отделни файлове във фор-
мат jpg, tif или bitmap.

Илюстрациите към текста (фигури, 
графики, диаграми, схеми и др. черно-бели 
копия с необходимия добър контраст и ка-
чество) се представят на отделни листове 
(без обяснителен текст), в оригинал и две 
копия за всяка от тях. Текстът към фигурите 
със съответната им номерация (на българ-
ски и на английски език) се отбелязва вътре 
в основното текстуално тяло на статията 
под съответния номер на мястото, където 
трябва да се разположи при предпечатната 
подготовка.Таблиците се представят с гото-
во написани обяснителни текстове на бъл-
гарски и на английски, които са разположе-
ни над тях; номерацията им е отделна (също 
с арабски цифри).

Използвана литература:

Книгописът се представя на отделен лист. 
Броят на цитираните източници е препо-
ръчително да не надхвърля 20 (за обзори-
те до 40), като 70 % от тях да бъдат от по-
следните 5 години. Подреждането става по 
азбучен ред (първо на латиница, после на 
кирилица), като след поредния номер се 
отбелязва фамилното име на първия автор, 
след това инициалите му; всички останали 
автори се посочват с инициалите, послед-
вани от фамилното име (в обратен ред) до 
третия автор, последвани от съкращшение-
тоet Al. Следва цялото заглавие на цитира-
ната статия, след него названието на списа-
нието (или общоприетото му съкращение), 
том, година, брой на книжката, началната и 
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articles accepted for publication will not be 
returned to the authors.

Peer-review process

Following the international standards in 
the field, the Editorial board has adopted 
double-blind peer-review policy assigned 
to independent referees. The authors are 
encouraged to submit the names of three 
potential referees for editorial consideration

Following acceptance for publication 
the authors are charged 5 euros per page for 
language editing and corrections.

Ethical regulations: reports with 
experiments on human subjects should 
specify whether the procedures were 
conducted in accordance with the ethical 
norms if the responsible committee on Human 
experimentation (local or regional) and/
or with the Helsinki Declaration, as revised 
in 2000. Respective guidelines for animal 
experimentation should be considered.

Address for sending of manuscripts  
and other editorial correspondence

Prof. Dr Philip Kumanov, Editor-in-chief
University Hospital for Endicrinology
1431 Sofia, Zdrave str. 2,
And the next electronic addresses:
phkumanov@lycos.com

With copy for the scientific secretary –
Assoc. Prof. Drozdstoj Stoyanov: 
stojanovpisevski@gmail.com

крайната страница. Глави (раздели) от кни-
ги се изписват по аналогичен начин, като 
след автора и заглавието на главата (раз-
дела) се отбелязват пълното заглавие на 
книгата, имената на редакторите (в скоби), 
издателството, градът и годината на изда-
ване, началната и крайната страница.

Примери:

Статия от списание:
1.	McLachlan, S., M. F.Prumel, B. Rapoport. Cell 

Mediated or Humoral Immunity in Graves’ 
Ophthalmopathy? J. Clin. Endocrinol. Metab., 
78, 1994, 5, 1070–1074.

Глава (раздел) от книга:
2.	Delange, F. Endemic Cretenism. In: The Thyroid 

(Eds. L. Braveman and R. Utiger). Lippincott Co, 
Philadelphia, 1991, 942–955.

Адрес за кореспонденция с авторите

Той се дава в края на всяка статия и съдържа 
всички необходими данни (вкл. електронна 
поща) на български език за един от автори-
те, който отговаря за кореспонденцията.

Всички ръкописи трябва да се изпращат 
с придружително писмо, подписани от авто-
рите, с което потвърждават съгласието си 
за отпечатване в сп. „Българска медицина“. 
В писмото трябва да бъде отбелязано, че ма-
териалът не е бил отпечатван в други науч-
ни списания у нас и в чужбина. Ръкописи не 
се връщат.

Процедура по рецензиране:

С оглед спазване на международните стан-
дарти, редакционната колегия е приела 
процедура по ‘двойно сляпа’ рецензия от 
независимио референти. На авторите се 
предоставя възможноста да предложат на 
вниманието на редакционния екип три име-
на на специалисти в тяхната област като по-
тенциални рецензенти.

След положителна рецензия и одобре-
ние на редколегията, авторите на статията 
дължат заплащане в размер на 10 лв. за вся-
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ка стандартна машинописна страница, с ог-
лед на покриване разноските по английска 
езикова редакция на текста и коректури.

Етически съображения

Всички трудове, които отразяват експери-
менти с хора следва да бъдат съобразени с 
етическите норми и регулации, въведени от 
съответния местна или регионална научна 
комисия и/или с Декларацията от Хелзин-
ки, ревизия от 2000г. Експериментите с жи-
вотни следва да бъдат също така съобразе-
ни със съответните норми и правила.

Всички материали за списанието  
се изпращат на посочения адрес:

Проф. д-р Филип Куманов, дмн, главен редактор,
1431 София, ул. Здраве 2, УСБАЛЕ 
или на следния електронен адрес: 
phkumanov@lycos.com 
С копие до научния секретар –
Доц. Д-р Дроздстой Стоянов: 
stojanovpisevski@gmail.com
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