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* UBB - UHTepcTnumanyu benoapobHu Bonectu

W36pana undopmauus ot KXN OFEV* Ofev 150 mg meku kancynu 1 Ofev 100 mg meku kancynu. KayectseH it KONMYeCTBEH CbCTaB:
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3a NeyeHue Ha vavonaryHa 6enoppobHa Gubposa (MBD). Ofev e NokasaH CbLO NPU Bb3PACTHY 3a NIEYEHNE HA APYTM XPOHUYHYM GUBPO3NPALLN MHTEPCTULMANH
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OLIEHKA HA ANEPTUYHOTO Bb3NAJIERWE
HA HOCHATA W bPORXWAJTHA JTATABMLIA

YPE3 U3CJIEABAHE HA LITOKUR
B NNEPUOEPHA KPbB BbB BPb3KA
C ANOEPEHLIVANHATA AINATHO3A
HA BPOHXWAJTHATA ACTMA
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M® Ha MY-Codusa
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Coduiickmn YumepcuteT,CB. KnumeHT Oxpurackn”

Peslome

TopHUTE 1 gonHu auxatenHu nbtiwa (AN, O4N), moraT ga 6baaT pasrneXkaaHu Kato edHa
YHVIKanHa LAnocTHa eiMH1La, KOATO criofensa obLm eTmonaTtoreHeTUYHN MexaHmsmu. KoHuenumsTa 3a
obefMHABaHe Ha AVXaTenHWTe NbTMLWA e BK/YeHa B AOKymMeHTa Ha C30 - ,AneprvyeH puUHWT 1
BAUAHMETO My BbpXY acTMaTa” (ARIA). EnuaemMmnonornyHu, KNIMHUYHU 1 NaToGU3MOoNOorMyHm NpoyYBaHms
npeacTaBAT Bpb3KaTa MeXAy HapyleHUATa Ha AUXaTenHuTe NbTulla — PUHUT, PUHOCKHY3UT 1 acTma.
M3cnepBaHe Ha LUTOKMHOB Npodun B neprdepHa KpbB, KOWTO BKOYBA LUNTOKMHUTE IL-5, IL-13, IL-17, IL-
33 61 NOMOrHarso 3a OLeHKa Ha aneprnyHoTo Bb3naneHve Ha [N v 4N B noagKpena Ha KoHUenuusTa 3a
,€0VIH AUXaTesieH MbT, eiHO 3abonsiBaHe". Bbnpeku, e 6poHxunanHaTa actma (BA)M anepruyHusT pUHAT
(AP) uecto npoTmuaT 3aefiHO, MPUUYMHATA 3a Ta3n KOMOPOUAHOCT BCe oLle ce 06Cbxa 1 n3ydasa. Ot eiHa
CTpaHa acTmaTa Y pUHNUTA, MOraT ia Cce pa3rnexaar KaTo ABe pPasfiMuyHM N3ABM Ha eiHa 1 CbLLa aToMNNYHa
60necT, 3acArawy pasnMyHN OTAENN HA PeCcnMpPaToOpHUs TPaKT. [ocpeactBom oborataBaHe pa3bupa-
HUWATa 3a MaToreHes3arta Ha aNeprmyHOTO Bb3MnasieHne Ha HOCHaTa 1 GpPOoHXManHa NurasKLa, MoraT fa ce
OTKPUSIT HOBY TEPANeBTUYHY NOAXOAN, MOA0OPSBALLM KaueCTBOTO Ha XKUBOT Ha MALUMEHTUTE CTpaaalln
OT Te31 YeCTO CpeLLaLLy Ce afieprmyHy 3abonsBaHus.

Kniouosu AYMW: aneprnvyeH puHnT, 6p0meanHa aCTMa, eAnHeH gnxaTteneH NbT, ULUTOKNHN



EVALUATION OF ALLERGIC
INFLAMMATION OF THE NASAL
AND BRONCHIAL MUCOSA

BY EXAMINATION

OF PERIPHERAL BLOOD CYTOKINES
IN LIGHT OF BRONCHIAL ASTHMA
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Abstract

The upper and lower airways can be considered as a whole unique unit that shares common
etiopathogenetic mechanisms. The concept of the united respiratory tract is included in the WHO
document "Allergic rhinitis and its impact on asthma" (ARIA). Epidemiological, clinical and pathophysio-
logical studies present the link between airway disorders - rhinitis, rhinosinusitis and asthma. A study of
the cytokine profile in the peripheral blood, which includes the cytokines IL-5, IL-13, IL-17, IL-33, would
help to assess allergic inflammation of the upper and lower respiratory tract and support the concept of
"one airway, onedisease". Although allergic asthma and allergic rhinitis often occur together, the cause of
this comorbidity is still being discussed and studied. On the one hand, asthma and rhinitis can be
considered two different manifestations of the same atopic disease, affecting different parts of the
respiratory tract. By enriching the understanding of the pathogenesis of allergic inflammation of the
nasal and bronchial mucosa, new therapeutic approaches can improve the quality of life of patients
suffering from these common allergic diseases.

Keywords: allergic rhinitis, bronchial asthma, united airway disease, cytokines
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BbBeageHne

Mopagn cTpaternyeckata no3nuua, Kato
Hayano Ha AMxaTeNIHUTe NbTULWA, HOCHT Urpae
K/I0YOBa POSiA B XOMeOCTa3aTta Ha AnxatenHure
nbTMwa. Ypes 3atonnsHe, NpeyncTBaHe U OB-
NaXKHABaHe Ha BAMLIAHMA Bb3AYX, HOCHT 3alyu-
TaBa OAM [1]. HocbT 1 6poHxmTe ca CBbp3aHu
aHaTOMWYHO, HabsnogaBa ce U NceBaoCTpaTU-
drLMpPaH pecnpaTopeH enunTes, KakTo 1 3alu-
TEH apceHan oT BpoAeHU 1 NPpULooUTA NMYHHU
MeXaHn3Mu. HoCbT 1 6poHxmTe B3aumogeincTeaTt
nomexay Cu ypes HeBpaneH pedrneKkc 1 cucTem-
HU MeXaHM3MW. Ba>kHa e 1 ponATa Ha reHeTUYHU-
Te dpaKTOpW, yuacTBaLLM B 13sBaTa Ha 3abonsABa-
HWA 3acAralm Hoca n/unm 6poHxuTe.

EgHO OT Hal-yecTo cpellaHuTe anepruyHn
3abonsaBaHuA e AP, 3acarawy go 40% oT nonyna-
LmATa, a YectoTaTa 3a bbnrapusa B uscnensaHe ot
2000 r. e 18,2% [2]. 3abonaBaHeTo e IgE — me-
AVVPaHo, HeMHPEKLMO3HO 1 3aCAraLlo HOCHaTa
nurasuua. Okono 70-75% nauuneHTtuTe ¢ AP pas-
BMBAT U KOHIOHKTMBUT CJlef KOHTAKT C afiepreHu
OT OKOJHaTa cpega [3]. Bbnpeku, ye AP He e xun-
BOTO3acTpallaBallo 3abofsiBaHe, TO 3HAUUTEN-
HO B/1OLLIABA KaYeCTBOTO Ha XXMBOT Ha NaLUMEHTU-
Te N epeKTMBHOCTTa Ha M3BbPLUBAHE Ha exe-
AHeBHUTe genHocTu. MpnbnnsntenHo okono
40% oT nauyneHTMTe ca KomopbugHu ¢ bA, po-
KaTo nmoBeueTo naumeHTn ¢ BA nmat n npngpy-
»kaBaw, AP (85-90%) [4]. BA n AP ca ocHoBeH
npobnem 3a obuecTBeHOTO 3apaBe. Nopagn
BMCOKATa MM YeCTOTa, Te OKa3BaT CEPUO3HO BK-
AHNE BbPXY eXKeHEBHUTE AeNHOCTU, KaueCTBO-
TO Ha XMBOT, paboTaTa B yumnuiie 1 BOAAT A0
BUCOKa NKOHOMMYeCKa TexkecT [5]. PasnpocTpa-
HEHVETO MM Bapupa B PasfiIMYyHUTE pParioHK Mo
cBeTa. B cTpaHu ¢ no-cencku panoHu, yectoTtaTa
€ 3HauyMTeNHO MO-HMCKa CNPAMO CTPaHW C Mo-
BMCOKO HMBO Ha ypbaHm3auua. PasnpocTtpa-
HeHWeTo Ha acTMa Npwv NauneHTn 6e3 npuapyxa-
BalL, PUHUT e MO-HUCKO, oKaTo ToBa Ha AP — Tpun
nbTy NnoBeye. AP nma Bpb3Ka M CbC 3acAraHe Ha
+MankunTe gnuxaTesIH1 NbTULLA", KoeTo ce aepuHn-
pa c HamansBaHe Ha forced expiratory flow (FEF
25-75%). ToBa ce nprema KaTo paHeH MapKep 3a
OGPOHXMANHO 3acAraHe Npuv nauneHTy ¢ AP, KonTo
HaTO3M eTan NpoABABaT camo cumnTomu ot [N,

MpobneMbT e aKTyaneH U UHTEPECHT KbM
Hero HenpeKbCHATO Ce yBennyaBaa.

AmyHonornyHm ocHoBMn
Ha eANHHMNA ANXaTeNeH NbT

CobuwecTByBaT pegnua gokasaTencTBa 3a
Bpb3kaTta mexay AN v OA4MN, obeanHeHn KaTto
LeONHEH AuxaTeneH nbT, egHo 3abonasaHe” [6].
AnepruyHute 3abonssaHus - AP 1 BA ca Bce no-
YeCcTo CpeLlaHn 1 BoAeLL M 40 BOLWEHO KayecTBO
Ha XunBoT. KakTo Beye cnomeHaxme no-rope, AP e
cpep Hali-yecTo cpelaHuTe 3abonsBaHuA B
CBETOBEH MaLLab 1 o6uYaliHO NepcmcTpa nNpes
Lenua »KMBOT Ha 4YoBekKa. lpu camocToATenHa
OLleHKa ce yCTaHOBsABa 3acAraHe Ha Ao 25% npu
Jeuata n Hag 40% ot Bb3pacTHuTe. lpe3 no-
cnefHUTE rOAMHN fOKasaTencTBaTa 3a CbliecT-
ByBalllaTa Bpb3Ka Mexay puHUT 1 BA HapacTBar.

Introduction

Due to its strategic position as the beginning
of the airway, the nose plays a crucial role in
airway homeostasis. By warming, purifying and
humidifying the inhaled air, the nose protects
the lower respiratory tract [1]. The nose and
bronchi are anatomically connected, and the
pseudostratified respiratory epithelium is en-
countered, as well as a protective arsenal of
innate and acquired immune mechanisms. Addi-
tionally, the nose and bronchi interact with each
other through a neural reflex and systemic
mechanisms. Genetic factors involved in the
manifestation of diseases affecting the nose
and/or bronchiarealso critical.

One of the most common allergic diseases is
allergic rhinitis (AR), affecting up to 40% of the
population, and the incidence for Bulgaria in a
2000 study was 18.2 % [2]. The disease is IgE -
mediated, non-infectious and affecting the nasal
mucosa. About 70-75% of patients with AR also
develop conjunctivitis after contact with envi-
ronmental allergens [3]. Although AR is not a life-
threatening disease, it significantly impairs the
quality of life of patients and the efficiency of
daily activities. Approximately 40% of patients
are comorbid with bronchial asthma (BA), while
most patients with asthma also have concomi-
tant AR (85-90 %) [4]. BA and AR are major public
health problems. Due to their high frequency,
they severely impact daily activities, quality of
life, and school/work and lead to a high econo-
mic burden [5]. Their distribution varies in diffe-
rent parts of the world. In more rural countries,
the frequency is significantly lower than in
countries with a higher level of urbanization. The
prevalence of asthma in patients without
concomitant rhinitis is lower, while AR is three
times higher. AR has a connection with "small
airway inflammation", which is defined by a
decrease in forced expiratory flow (FEF 25-75%).
This is considered an early marker of bronchial
involvement in patients with AR who at this
stage, show only upperairway symptoms.

However, the problem is relevant, and the
interestis constantly increasing.

Immunological foundations
of the united respiratory pathway

There is a wealth of evidence for linking the
upper and lower airways, combined as "a united
airway, one disease" [6 1. Allergic diseases - AR
and BA are increasingly common and lead to
deteriorating quality of life. As mentioned above,
AR is one of the most common diseases world-
wide and usually persists throughout a person's
life. Self-assessment demonstrated that up to
25% of children and over 40% of adults have
typical symptoms. In recent years, the evidence
for the existing link between AR and BA is
growing. This is the reason for introducing the
concept of a single disease of the respiratory



ToBa e NnprunHa 3a BbBeXaHe KOHLenumATa 3a
efuHHa 6onecTt Ha guxaTeneHua nut [7]. Tasm
KOHUENUMA MMa Ba)HO 3HaueHuMe KaKTo 3a
ANArHOCTMLUMPAHETO, Taka M 3a KOHTpOMa Ha
Te3n YecTo CpeLaHn N NHBANMAMU3MpaLLM Xpo-
HUYHY 3a00NsBaHNS.

W3cnepBaHe Ha LMTOKMHOB Npodun B nepu-
depHa KpbB, KONTO BKMOYBA LMTOKMHUTE IL-5, IL-
13, IL-17, IL-33 61 nomorHano 3a OLeHKa Ha
aneprnyHoTo Bb3naneHue Ha AN v 40N B noa-
Kpena Ha KoHuenuusaTa 3a ,e0uH ouxamesieH
nsm, e0HO 3a6ossaeaHe”. Bbnpeku, ye BA n AP
YeCTo NPOTMYAT 3aefHO, MPUYNHATA 3a Ta3un KO-
MOpOUIAHOCT BCe olLe ce ob6cbxaa v n3ydasa. OT
efjHa CTpaHa acTMaTa 1 puHMTa MoraT fia ce pas-
rnexnaT Kato ABe PasfvyHu U3ABU Ha efHa 1
Cblla aTonmnyHa 60necT, 3acArally pasmyHn oT-
[enuv Ha pecnnpaTtopHuA TpakT. OT gpyra cTpaHa
[iBeTe 3a00/1ABaHMA, MOraT Aa B3aumoencreart
enHo c gpyro. AN v AN morat ga ce 3acerHat ot
obu Bb3ManuTeneH npouec, NPOBOKUPAH OT
06w aneprexun. ToBa BoAM O CTUMYNMpaHe Ha
Th2 - nMyHeH O0TroBop, akTUBMpPaHe Ha Bb3nanu-
TENHW KNeTKN, 0CBOOOA0XKdaBaHe Ha LINTOKNHW.
Te3n cekpeTMpaHn UUTOKMHW moraT ga 6bpaTt
OTKPUTWU B GMONCMM OT HOCHa U BpPOHXManHa
nuraeuua. NMpoBexgaHeTo Ha B6POHXOMPOBOKa-
LIMIOHEH TECT, MOXKe fja Npeamn3BuKa CUMATOMM OT
HOCHaTa nurasvua npv nauyneHTn ¢ AP n obpat-
HO, Ha3asiHaTa afiepreHHa NPOBOKaLMA MOXe Aa
MHAYyLMpa 6poHxoobcTpyKumsa ot 1M [8].

Peduya asmopu npuemam AP, kamo npekyp-
Cop Ha acmmama. YCTaHOBEHO €, Ye Npu nayu-
€HTN C NepCmcTUpaLL, CPESHO-TEXKO KbM TEXKO
npotuyawy, AP, puckbT oT 3acaraHe Ha AN n
pa3BuTtne Ha bA e ronam [9]. MaTtodusmnonormyer
MEeXaHN3bM, KOUTO MOXKe ja 06ACHN NOBULLIEHNSA
PUCK OT pa3BuTME Ha acTMa Npu nauneHTn c AP, e
XUNepPPeakTUBHOCTTA HA AUXaTeNHUTe MbTuLLa.
[opwv BOMWBAHETO Ha CTyZeH Bb34yX Npe3 HOCa,
MO>Ke [la loBefie 0 6POHX00HCTPYKLMA B pe3yIi-
TaT Ha HEBPOreHeH MeXaH13bM CBbP3BaLL HOCA 1
GpoHXxuTE.

B nopgkpena Ha cbliecTByBallaTa Bpb3Ka
mvexay FAN v AN e v ToBa, ye 40% ot nauu-
eHTuTe C AP ca nokasanum xuneppeakTVBHOCT
npu NPoBOKaLuMA C MeTaxoNnH. TakrBa naumeH-
TV Ca U3NIOXKEHW Ha MO-TOMAM PUCK OT pa3BuUTne
Ha acTMa npe3 cneppawymte 4-5 rognnn [10]. PaH-
HOTO JleueHue 1 NPOPUIAKTMKA Ha aneprnyHoTo
Bb3naneHue Ha [[l, moxe ga npepoTtBpatn
nporpecuaTa Ha AP B BA. JleueHreTo Ha puHuTa
MOXe Aa Nogobpun KMHMYHATA CUMMITOMATHKKA,
KauyecTBOTO Ha WBOT U Aa MoAnoOMOrHe nog-
ObpKaHe 1 foObP KOHTPO Ha NALMEHTN C Npu-
ApY»aBalla 6poHxMaiHa acTma.

LinToKHM 1 anepruyHo Bb3nasneHve
B AUXaTeNIHNTE MbTULLA

B nmyHHaTa cucTema cblyectByBa 6anaHc u
perynauus mexgy T-xennepwu (Th) Tun 1 v tmn 2
knetkn (Th1/Th2 paBHoBecwue), KaTo ancpery-
NlaumATa BOAM 0 aKTUBMpPaHe Ha egHaTa (Th1)
unw gpyrata rpyna knetku (Th2) n otgenaHuTe ot
TAX UUTOKMHK, B pe3ynTaT Ha KOeTO Bb3HMKBAT
aBTOVIMYHHU UV anepryHm 3abonasaHus [11].

time [7]. This concept is essential for both the
diagnosis and control of these common and
debilitating chronic diseases.

Assessment of cytokine profile in peripheral
blood, which includes cytokines IL-5,IL- 13, IL -
17, IL - 33, would help to evaluate the allergic
inflammation of the upper and lower respiratory
tractand support the concept of "one airway, one
disease". Although BA and AR often occur to-
gether, the cause of this comorbidity is still being
discussed and studied. On the one hand, asthma
and rhinitis can be considered two different
manifestations of the same atopic disease,
affecting different parts of the respiratory tract.
On the other hand, the two diseases can interact
with each other. The upper and lower respiratory
airways can be affected by a common inflamma-
tory process provoked by common allergens.
This leads to stimulation of Th2 — immune res-
ponse, activation of inflammatory cells, and the
release of cytokines. These secreted cytokines
can be detected in biopsies of the nasal and
bronchial mucosa. Conducting a bronchial
provocation test can cause symptoms of the
nasal mucosa in patients with AR and vice versa;
nasal allergen provocation can induce bronchial
obstructioninthe lowerairways [8].

Anumber of authors consider AR as a precursor
to asthma. It was documented that in patients
with persistent, moderate to severe AR, the risk
of damage to the lower respiratory tract and BA
development is high [9]. A pathophysiological
mechanism that may explain the increased risk
of developing asthma in patients with AR is
airway hyperreactivity. Even inhaling cold air
through the nose can lead to bronchial obstruc-
tion due to a neurogenic mechanism connecting
thenoseand bronchi.

In support of the existing link between the
upper and lower respiratory tract is the fact that
40% of patients with AR have shown hyperreacti-
vity when provoked with methacholine. Such
patients are at greater risk of developing asthma
over the next 4-5 years [10]. Early treatment and
prevention of allergic inflammation of the upper
respiratory tract can prevent the progression of
AR in BA. Treatment of rhinitis can improve
clinical symptoms, quality of life and help
maintain and control patients with concomitant
BA.

Cytokines and allergicinflammation
intherespiratorytract

In the immune system, there is a balance and
regulation between T- helpers (Th) type 1 and
type 2 cells (Th1/Th2 balance and biological
paradigm), as dysregulation leads to activation
of one (Th1) or the other group of cells (Th2) and
the cytokines released by them, resulting in
autoimmuneorallergicdiseases[11].
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M3BecTHO €, ue AP npoTnya no MbpBu TUN
anepruyHa peakuma Ha CBPBXUYBCTBUTEIHOCT
no knacnédukauyuata Ha Coombs n Gell, ¢ knto-
YoBOTO yuyacTue Ha IgE aHTuTenata [12]. Habnto-
JaBaT ce paHHa M KbcHa dasa Ha anepruyex
oTroBop. HakpaTko MMYHONOTUMYHUA MeXaHU-
3bM, MOXe [la ce NpeAcTaBy Mo CNefHMA HAUNH:
NpPW KOHTaKT C NUraBuLaTa, aflepreHsbT ce noema
OT aHTUreH-npeacTaBALWNTe KNETKW, KOUTO ro
obpaboTBaT 1 nNpeacTaBAT Ha T-xennepHute
numooumnTn. AKTMBMpPaHuTe Th2 ocBoboXKaaBaTt
IL-4, IL-6, IL-13, KouTO B3ammopgencTsaT c B-
numdoumnTtun (B-ly), uHayuMpamkm cuHTe3 Ha
cneunduynmn IgE aHtuTena. NocnegHute ce
CBBP3BAT C BUCOKOADUHUTETHUTE PELLENTOPY MO
NMOBBPXHOCTTA Ha MACTOLUTMTE N MPU KOHTaKT
CbC cneunduryHMA anepreH BoOAAT [O TAXHATa
ferpaHynauua. B pesynrtat ce ocBo6oxpasaTt
peavua MeanaTopu KaTo: XCTaMUH, IeBKOTpue-
HW, NpocTarnaHanHu 1 ap. Taka Bb3HUKBA paH-
HaTa da3a Ha anepruyeH oTrosop, Habnoaasaly
ce B paMKMTe Ha HAKONKO MUHYTUN OT KOHTaKTa C
anepreHa n npopabaxasaly 2-3 u. [Mpn KbCHO-
basoBun, Bb3HMKBALL 4-6 Y. ciefl aHTUreHHa CTu-
Mynaums, KneTbyHata MHOUNTpauma ce cbCTou
rnaBHo ot T-numbouutn (T-ly), eo3mHodpmnm un
6aszodunu. Mpwu onrcaHna Th2 otroBop, Npouns-
BOACTBOTO Ha IgE aHTUTena n3nckea fBa rmaBHu
CUrHana 3a NpeBK/oYBaHEe Ha B-ly kbm npouns-
Bexkgawa IgE aHTuTena knetka. MNbpBUAT ce ocu-
rypasa ot untokmHuTte IL-4 un IL-13, B3aumopen-
cTBaWy ¢ B-knetbuHuTe peuentopu. Te npeo-
6pa3yBaT cMrHana ypes akTBMpaHe Ha TMPO3u-
HKMHa3uTe OoT ceMencTBo Ha Janus-JAK1 nJAK3,
KouTto BoaAT Ao bocdhopunmpaHe Ha TpaHCKpUnN-
LUMoHHNA perynatop STAT6. BropuATt curHan 3a
npesBknyYBaHeTo Ha IgE e ponbnHuTenHata
CTUMynauma upe3 KOHTakT mexxay CD40 nuraHg
Bbpxy T-KneTbyHaTa NOBBPXHOCT cbc CD40
Bbpxy B-knetbuHaTta noBbpxHocT[13].

Mpe3 nocnegHWTe rogMHU C OTKPMBAHETO Ha
Th17 wn perynatopHute T kKnetku (Treg) 3Hauu-
TEHO Ce YCNOXHM M3BeCTHaTa Napagnrmara 3a
Th1 / Th2 paBHoBecneTo U pa3wmnpu pasbupa-
HeTO 3a naTtoreHe3ata Ha AP [14]. N3BecTHO e
yyactmeTo Ha Th17 B aBToumyHHMTe 3abonsBa-
HUA N HeympoguaHama uHpuampayus.
[okasBa ce n yyacTmeTo MM B natoreHesarta u
nporpecnaTa Ha AP. YcTaHoBABa ce Kopenauus
Ha IL-17 ¢ TexkecTTa Ha NpoOTNYaHE Ha anepruy-
HOTO 3ab0MsABaHe, 3acArallo HOCHaTa NuraBmLa
[15].

CbulecTBYBaT pepmua NpoyyBaHUA, [OKa3-
Balm yyactueTo Ha Th17 n IL-17 BbB MMyHOnO-
rMMYHUAT MexaHn3bM Ha AP. B npoBsegeHo npo-
yuBaHe [16] ce n3cnensa Th17/Treg KneTbyHo-
MefuvpaH UMyHUTET npu nauneHTy ¢ AP. Pe3syn-
TaTMTe nokaseaT, Ye 6poAT Ha Th17 knetku B
nepudepHata KpbB Ha NauneHTmTe C AP e 3Ha-
UNTENHO YBenuYeH, a Ta3n Ha Treg Knetkn —
HamaneHa. ToBa npepgnonara, ye gmcbanaHcwt
mexpay Th17 / Treg urpae Bax<Ha pons B natore-
He3aTa 1 TexecCTTa Ha npoTuyaHe Ha AP. B gpyro
npoyusaHe Ha Milovanovic ce yctaHoBABa, ue IL-
17 Mmoxe ga uHayumpa B-kneTbuyHOTO NpeBKItoY-

It is known that AR occurs in the first type of
allergic hypersensitivity reaction according to
the Coombs and Gell classification, with the vital
participation of IgE antibodies [12]. Early and late
phases of the allergic response are observed. In
short, the immunological mechanism can be
represented as follows: upon contact with the
mucosa, the allergen is taken up by the antigen-
presenting cells, which process it and present it
to T- helper lymphocytes. Activated Th2 cells
release IL-4, IL-6, IL-13, etc., which interact with B-
lymphocytes (B-ly ), inducing the synthesis of
specific IgE antibodies. The latter bind to high-
affinity receptors on the surface of mast cells
and, upon contact with the specificallergen, lead
to their degranulation. As a result, several
mediators are released, such as histamine, leuko-
trienes, prostaglandins and others. Like this, the
early phase of allergic response is observed
within a few minutes of contact with the allergen
and lasts 2-3 hours. At the late phase, occurring
4-6 h after antigenic stimulation, cellular infiltra-
tion consists mainly of T-lymphocytes (T-ly),
eosinophils, and basophils. In the described Th2
response, IgE antibody production requires two
main signals to switch B-ly to IgE antibody-
producing cells. The first signal is provided
mainly by the cytokines IL-4 and IL-13, which
interact with B-cell receptors. They converted
the signal by activating tyrosine kinases from a
family of Janus kinases - JAK1 and JAK3, which
leads to phosphorylation of the transcription
regulator STAT6. The second signal for IgE
switching is the additional stimulation by con-
tact between CD40 ligand on the T-cell surface
with CD40 on the B-cell surface[13].

In recent years, the discovery of Th17 and
regulatory T cells (Treg) has significantly compli-
cated the known paradigm of Th1/Th2 equilib-
rium and broadened the understanding of the
pathogenesis of AR [14]. The involvement of
Th17 in autoimmune diseases and neutrophil
infiltration is intensively studied. Their participa-
tion in the pathogenesis and progression of ARis
also proven. Some correlations of IL-17 with the
severity of the allergic disease affecting the nasal
mucosa were observed [15].

A number of studies prove the involvement
of Th17 and IL-17 in the immunological mecha-
nism of AR. A study [16] examined Th17 / Treg
cell-mediated immunity in patients with AR. The
results showed that the number of Th17 cells in
the peripheral blood of patients with AR was
significantly increased and that of Treg cells -
decreased. This observation suggests that the
Th17/Treg imbalance plays an essential role in
the pathogenesis and severity of AR. Another
study found that IL-17 could induce B-cell
switching to IgE antibody production, sugges-
ting the involvement of Th17 in allergic diseases



BaHe KbM npoaykuuA Ha IgE aHTuTena, Koeto
npepnonara yyactmeto Ha Th17 B anepruyHute
3abonaeaHusa [17]. Th17 npousBexpaT ronam
6po megmnatopu, Kato IL-17A gUpeKTHO NHAY-
umpanponsBoacTBotoHalgE.

IL-33 e Apyr UATOKUH C Ba’KHO y4yacTue npu
aneprnyHuTe 3abonsBaHusA. YneH e Ha IL1- yuto-
KnHoBaTa damunmsa n ce ocsoboxpasa npwu
yBpe)KaaHe Ha enutenHuTe Knetkun. OcbLyecTsa-
Ba CBOWTe AeNCTBMA Ype3 B3aMMOAENCTBME CbC
ST2 - peuenTtopa. CnocobeH e ga nHayumpa Th2
LUMTOKUH-MEeANMPAHO anepruyHo Bb3naneHue
[18]. OtkpuBa ce, ye IL-33/ST2-uHayumpaHmnAaTt
Th2 otroBop B3aumogenctsa ¢ Th17 nmyHeH
oTroBop B natonoruaAta Ha AP [19,20]. IL-33 uH-
ayumpa npoaykuuata Ha NpOBb3NANUTENHN
LUUTOKMHM, YYacTBa B MaTtoreHe3arta Ha aTonuu-
HuA gepmatut, bA, AP n nonnHosaTa. Mirpae Ba-
Ha poJisi Ha MOCT MeXIy BPOAeHUA 1 Npugoout
UMyHEH OTroBOpP Npu anepruyHute 3abonssa-
HuA [21]. YcTaHOBABAT Ce NOBULIEHMW HMBA Ha IL-
33 npu nHTepmuteHTeH AP 1 Kopenauma c Te-
XKecTTaMy Ha npoTuyaHe [22].

MatoreHesata Ha AP 1 BA e cnoxHa 1 obxBa-
LA YYaCTNETO Ha Pa3fINyHN LUTOKMHM BbB Bb3-
nanuTenHMa npouec, pasrnegaHo no-rope. Pak-
HOTO 3acAraHe Ha 1T npun AP e BaXHO, Tbin KaTo
TepaneBTUYHUTE HAaMeCH e 3abaBaT pa3BuTMe-
TO Ha acTMaTa 1 HeHOTO NporpecrpaHe[23].

Bbnpekn ronAmMoTo cu pasnpocTpaHeHue,
PUHUTBT € HeJOCTaTbYHO AMArHOCTULMPAH U Ne-
KyBaH cpef Bb3pacTHOTO HaceneHue [24]. lNo-
CpefcTBOM oboraTtaABaHe pa3bupaHuATa 3a naTo-
reHesata Ha AP, moraT fia ce OTKpPUAT HOBU Tepa-
NeBTUYHM NoAXoau, NofobpaABaLLM KauecTBOTO
Ha »KMBOT Ha NauuneHTuUTe CTpagalym oT egHo OT
Hal-pa3npocTpaHeHnTe anepruyHy 3abonssa-
HUA.

3aknoyeHune

AP e Han-yecTOTO aneprnyHo 3abonsBaHe, a
BA ocBeH ue e MHOro yecTa e 1 CoUManHo 3Ha-
yMma naTosiornA Nopagn BMCOKaTa U MKOHOMMU-
yecKa LieHa. B kpanHute cu ctagmm 1A BOAN 1 A0
3HaYuUTeNHa MHBaNUAM3auua Ha 6onHUTE.
CbBpemeHHOTO pasrnexaaHe Ha AP n BA ycTa-
HOBW, Ye Te Ca eAMHHa NaToNorMA B CBETAMHATA
Ha y4YeHMeTo 3a ,efMHHUA amxaTteneH nbur’. Ma-
ToreHe3ata Ha AP 1 BA e cnoxHa u obxBalla
YyUYaCTUETO Ha Pa3fINYHN LUTOKNHW BbB Bb3Mnanu-
TenHWA npouec, pasrnegaHo no-rope. PaHHOTO
3acarade Ha 41N npu AP e BaXXHO, Tbi1 KaTo Ha-
BPEMEHHOTO MNpusiaraHe Ha nevyeHue Le 3abaBu
pa3BUTMETO Ha acTMaTa M HeMHOTO nporpecu-
paHe. Taka, nocpeacTBom oborataBaHe pasbup-
aHMATa 3a natoreHe3aTa Ha AP, morat ga ce oT-
KpVAT HOBW TepaneBTUYHN NOAXOAWN, Moao6ps-
BallM KayeCTBOTO Ha XWBOT Ha MauueHTUTe
CTpajawy oT efHO OT Hal-pa3npocTpaHeHuTe
anepruyHv 3abonsaBaHus.

BnarogapHocTn

O630pbT e HanucaH BbB Bpb3ka ¢ HayueH
npoekt: Jorosop N° [1-75/24.06.2020 r.c BX.
N28299/19.11.2019r.

[17]. Moreover, Th17 cells produce a large num-
ber of mediators, with IL-17A directly inducing
IgE production.

IL - 33 is another cytokine with an essential
role in allergic diseases. It is a member of the IL1-
cytokine family and is released in response to
damaged epithelial cells. It performs its actions
by interacting with the ST2 receptor. It can
induce Th2 cytokine-mediated allergic inflam-
mation [18]. The IL-33 / ST2-induced Th2 res-
ponse has been found to interact with the Th17
immune response in AR pathology [19,20].
Furthermore, IL-33 induces proinflammatory
cytokines production and participates in the
pathogenesis of atopic dermatitis, bronchial
asthma, AR. It also plays an essential role in
bridging the innate and acquired immune res-
ponse in allergic diseases [21]. Elevated levels of
IL-33 have been found in intermittent AR and
correlated with its severity [22].

Early involvement of the lower respiratory
tract in AR is vital because therapeutic inter-
ventions will slow the development of asthma
andits progression [23].

Despite its high prevalence, rhinitis is under-
diagnosed and treated in the elderly population
[24]. By enriching the understanding of the
pathogenesis of AR, new therapeutic appro-
aches can be found that improve the quality of
life of patients suffering from one of the most
common allergicdiseases.

Conclusion

AR is the most common allergic disease, and
BAis not only ubiquitous but also a socially signi-
ficant pathology duetoits high economic cost.In
its final stages, it also leads to significant disabi-
lity of patients. A modern discussion of AR and
BA has elucidated that they are two diseases but
a single pathology in the light of the doctrine of
the "united airway." The pathogenesis of AR and
BA is complex and includes the participation of
various cytokines in the inflammation process.
Early involvement of the lower respiratory tract
in AR is essential to be spotted, especially when
early therapeutic interventions will slow the
development of asthma and its progression.
Furthermore, understanding the pathogenesis
of AR can facilitate the development of new
therapeutic and improvement of the quality of
life of patients suffering from more than one
common allergicdisease.
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TAPTETHA TEPANIA

[P HELPEBHOKJIET BYEH PAK
HA bENWA APOB (HAKPBA)

C KRAS MYTALIMIA

U. Mytadosa % K. Feoprues ', E. Tpuropos ', T. Xanaxunesa-[bpneHcka >

' Oakyntet,Dapmauma’, MeanumnHCki yHnsepcuteT-BapHa, Bbnrapus
? Katenpa ,Dapmakonorus u Tokcukonorus’, MeguumuHckn Gakynter,
MepnumHckn yHuepcutet-Codusa, bvnrapus

Pesiome

KRAS e Hall-uecTo MyTUpPanuAT OHKOreH MpuW HanpefHasn, HegpebHOKeTbYeH pak Ha 6enus
apo6 (HOKPBA). Ot Bcmukn KRAS myTtaumun, HabnogasaHu npu HOKPBA, KRAS G12C e Hal-yectnat
BapuaHT. CoTopa3unb n agarpacub nonyyasaT yCKOPEHO ofobpeHne Ha AGMUHUCTPAUMATA MO XPaHW 1
nekapctea (FDA) kKaTo gBeTe fekapcTBa MpeAcTaBnABaT HOB Knac TapreTHa Tepanua (knac KRAS
WHXMOUTOPU) N HOBY TepaneBTUYHN MBTHULLA 33 Ta3u Liesl, KOATO A0 CKOPO He e NoAsexasna Ha JieyeHue.,
CoTopasunb n agarpacmb gencTeat no nogobeH HauvH KaTo NoKa3BaT CXOAHa ePeKTUBHOCT: MPOLLEHT Ha
o6ekTnBeH otroBop (ORR) 41% 3a coTopa3unb 1 42.9% 3a agarpacrb 1 npexmnBseMocT 6e3 nporpecus
(PFS) 6,3 meceLia 3a coTopa3ub n 6,5 mecella CbOTBETHO 3a aarpacu6. Ml geeTe nekapcTBa MMaT YHUKaSHY
npodunm Ha 6e30NacHOCT C 06LLa TOKCUUYHOCT, BKITIOUMTENTHO Ainapus, MyCKyTHO-CKerleTHa 60ka, ymopa
N XenaTOTOKCUYHOCT. CEPUO3HM HEXeNaHU peakuun ca HabmogaBaHu npu 50% OT MauuMeHTuTe,
nonyyasanu cotopasvb n npu 57% oT naumeHTUTe, NonyyaBanu agarpacmb6. MexaHuamuTe Ha
pe3ncteHTHOCT KbM KRAS G12C MHXMOUTOPUTE Ca CNIOXHU, XeTEPOreHHW U MoraT Ja ce nosABAT
e[IHOBPEMEHHO MO BpemMe Ha neueHuneto. [porpecnnte cnep nevyeHne ce AbsKaT Ha eAuH MM Ha
HAKOJIKO KOMOVHMPaHN MeXaHW3Ma, BKJIUYMTENHO: NPULENHN MyTauum B CBbP3BaLLOTO MACTOTO Ha
UHXMbUuTOpUTE; APYrY akTuBMpalLm KRAS MyTauum; akTMBMPAHE Ha KAHOHWYHY MbTULLA Ype3 MyTauum
WY aKTUBMPAHE Ha Bb3XOA4ALWM U HU3XoaAWwm epektTopu. HacToAawmTe Hacokun 3a neyeHme Ha HOKPB/,
MoCTaBAT coTopasnb 1 agarpacnb Kato BTopa MHUsS npy nauneHtn ¢ HOAKPB/, ¢ notBbpaeHa MmyTauus
KRASG12C.

KniouoBu gymu: HegpebHoknetbueH pak Ha 6enua apob (HOKPBE); KRAS; G12C; KRAS G12C vHxu-
6uTopY; COTOpPasnod; agarpacnd



TARGETED THERAPY
FOR NON-SMALL CELL
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Abstract

KRAS is the most commonly mutated oncogenein advanced non-small cell lung cancer (NSCLC).
KRAS G12C is the most common KRAS variant in NSCLC. Sotorasib and adagrasib have received
accelerated approval by Food and Drug Administration (FDA) as both drugs represent a new class of
targeted therapy (KRAS inhibitors) and new therapeutic pathways for this previously undruggable target.
Sotorasib and adagrasib work in a similar manner, showing similar efficacy: objective response rate (ORR)
41% for sotorasib and 42.9% for adagrasib and progression-free survival (PFS) 6.3 months for sotorasib
and 6.5 months for adagrasib, respectively. Both medications have unique safety profiles with common
toxicities including diarrhea, musculoskeletal pain, fatigue, and hepatotoxicity. Serious adverse events
were observed in 50% of patients receiving sotorasib and in 57% of patients receiving adagrasib.
Mechanisms of resistance to KRAS G12C inhibitors are complex, heterogeneous, and may co-occur
during treatment. Progressions after treatment are due to one or several combined mechanisms,
including: target mutations in the inhibitor binding site; other activating KRAS mutations; activation of
canonical pathways through mutations or activation of upstream and downstream effectors. Current
NSCLC treatment guidelines recommend sotorasib and adagrasib as second-line in patients with NSCLC
with a confirmed KRAS G12C mutation.

Keywords: Non-small cell lung cancer (NSCLC); KRAS; G12C; KRAS G12Cinhibitors; sotorasib; adagrasib
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BbBeageHne

JleueHneTo Ha OHKoONOrMyHUTe 3abonsaBa-
HUA e ronAamMoTo NpeAusBUKaTeNcTBo, npeg
KOeTo ca usnpaBeHun meguuviHaTa n ¢apma-
uuaTanpes 21 Bek. 1o gaHHM Ha C30 npe3 2020
rofiviHa pakbT Ha 6enust Apo6 3aema BTOPO MSCTO
(cnep paka Ha rbpgaTta) no 6pow HoBoperuc-
TPUPaHU ciyyan — OKOJo 2,2 MANIMOHA MO CBeTa.
B cBeToBeH malab Tol e C Hai-BUCOKa CMbPT-
HOCT Cpef, BCUYKM BULOBE OHKONIOTMYHM 3300-
nAaBaHuA — npe3 2020 r. ca HacTbNUAU NPUG-
nm3nTenHo 1.8 MUIMOHaA CMBPTHY Ciyyas, Unn
18% OT BCUYKM CMbPTHIK Cllyyam oT pak (1).

HeppebHOKNeTbYHMAT pak Ha Genua apob
(HOAKPBA) npeacTaBnaBa npubnusntenHo 80-
85% OT cnyyanTe Ha pak Ha 6enua gpob n e
BOAeLLa NPpUYMHa 3a CMbPT, CBbP3aHa ¢ pak. Ton
npeacTaBnsaBa CEMENCTBO OT FrEHETUYHO U XNC-
TOJIOTMYHO Pa3NNYHM TYMOPW, BKNOUBALLM [ABa
OCHOBHU XUCTONIOMMYHM MOATMNA:

1) HennockoKneTbyeH KapunHom (~60% ot
cnyJyaunTe), KOWTO BKIoUYBaA 6eniofapobeH ageHo-
KapUMHOM 1 e pOKNEeTbYEH KapLUNHOM;

2) NNOCKOKNeTbYeH KapuuHom (~30% oT
cnyyaute).

BenopgpobOHMAT afeHoKapLMHOM e Hall-yec-
TUAT XUCTONIOTMYEH MOATMM, NpeAcTaBnABaly
50-60% ot Bcuukm cnyyan Ha HOKPB[, (2). Mose-
yeTo naumeHtn ¢ HOKPBL npu noctaBsAHe Ha
JnarHosarta Mmat HeonepabunHo, HanpeaHano
MeTacTaTMyHO 3abosABaHe, KOeTo mporpecrpa
6Bbp30 1 NpU KoeTo GOKYCHT Ha JieyeHne e
ONTMMU3MPAHE KaUeCTBOTO Ha KUBOT, 3abaBsiHe
Ha nporpecusaTa Ha 3a00NABaHETO U YAbJXKaBa-
He Ha obwwaTa npexmeaemocT (OS). (3)

KRAS e Hai-uyecTto MyTMpanmAaT OHKOreH npu
HanpepHan, HennockoknetbueH HAOKPBA. Ot
paznnyHuTe KRAS myTaumm, e gokasaHo ye KRAS
G12C e Han-yecTAT BapuaHT (~40%). O6MKHO-
BEHHO Ce OTKpMBaT NpeanMHO MpPW HeMnIoCKo-
knetbyeH nogtmn HOKPB/ - B okono 13.1%. B
CpaBHEHMe, NPU NNOCKOKIETbYHMA MOATUN
KRAS G12C myTaumunte ce oTKpMBaT CaMo Mpu
oKkono 2% ot cniyyauTe. Hackopo 6saxa paspeLue-
HU 33 ynoTpeba [Ba JIeKapCTBEHU MPOAYKTa,
konTo ca KRAS G12C-cenekTnBHM MHXMOUTOPY -
cotopasnb u apgarpacub. Te ca nokKasaHu 3a fe-
YyeHune Ha NauMeHTn C HanpeaHan UM meTacTa-
TnyeH HOKPBJ c KRAS G12C myTtauma. Te3um gse
nekapctBa npesbpHaxa KRAS B egHa HoBa
Bb3MOXXHOCT 3a TapreTHa Tepanus. (4)

Uen

[a ce npepctasat myTtauymnmte B KRAS reHa
npyn HAKPBJ n no-cneuymanHo myTtaumata G12C.
Colyo Taka, BTOpUYHa Uen e fa 6bgat pasrie-
JaHu 1 aHanu3npaHu opobpeHnTe KRAS G12C-
CEeNEeKTUBHUN UHXNOUTOPU: COTOPaA3nb 1 aparpa-
Cn6 oT dapMaKosorMyHa rnegHa Touka, Kato ce
noctasm GokKyc Bbpxy PpapMakOKUHETUYHUTE
(®K) n papmakoguHammuHuTe (ML) XxapaKkTepuc-
TUKMW, JOKa3aHaTa epUKaCHOCT B PErncTpaLnoH-
HUTE KIVHUYHWUTE W3MUTBAHWA, HEXeNaHuTe
nekapcteeHu peakuyum (HJ1P) n mexaHn3munTe Ha
Bb3MOXHW NEeKapCTBEHN B3aUMOLENCTBUA.

Introduction

The treatment of cancer diseases is the
great challenge that medicine and pharma-
ceutics are facing in the 21st century. Accor-
ding to WHO, in 2020, lung cancer took second
place (after breast cancer) in terms of the num-
ber of newly registered cases — about 2.2 million
cases worldwide. Globally, it has the highest
mortality rate of all types of cancer, accounting
for approximately 1.8 million deaths in 2020, or
18% of all cancers'deaths (1).

Non-small cell lung cancer (NSCLC) accounts
for approximately 80-85% of lung cancer cases
and is the leading cause of cancer-related death.
It represents a family of genetically and histolo-
gically distinct tumors comprising two main
histological subtypes:

1) non-squamous cell carcinoma (~60% of
cases), which includes adenocarcinoma and
large cell carcinoma;

2) squamous cell carcinoma (~30% of cases).

The lung adenocarcinoma is the most com-
mon histologic subtype, accounting for 50-60%
of all cases of NSCLC (2). The most patients with
NSCLC when diagnosed have unresectable,
advanced, metastatic disease that progresses
rapidly and where the focus of treatment is to
optimize quality of life, slowing disease pro-
gression and prolonging overall survival (OS). (3)

KRAS is the most commonly mutated onco-
gene in advanced, non-squamous NSCLC. Of the
various KRAS mutations, KRAS G12C has been
shown to be the most common variant (~40%).
Usually it is found mainly in the non-squamous
subtype of NSCLC - in about 13.1%. In compa-
rison, in the squamous subtype, KRAS G12C
mutations are found in only about 2% of cases.
Two medications that are KRAS G12C-selective
inhibitors, sotorasib and adagrasib, have been
recently approved for use . They are indicated for
the treatment of patients with advanced or
metastatic NSCLC with a KRAS G12C mutation.
These two medications have made KRAS a new
possibility for targeted therapy. (4)

Objective

To present the mutations in the KRAS genein
NSCLCandin particular the G12C mutation. Also,
a secondary objective is to review and analyze
the approved KRAS G12C-selective inhibitors:
sotorasib and adagrasib from a pharmacological
perspective, focusing on pharmacokinetic (PK)
and pharmacodynamic (PD) characteristics, pro-
ven efficacy in pivotal clinical trials (registration
studies), adverse drug reactions (ADRs) and the
mechanisms of possible drug-drug interactions.
Mechanisms of resistance to KRAS G12C-selec-
tiveinhibitors are also reviewed.



HanpaBeH e 0606LeH npernes 1 Ha MexaHus-
MUTe Ha pe3ucteHTHocT KbM KRAS G12C-cenek-
TUBHUTE NHXMOUTOPN.

Matepuanunmeroan

Mpernep Ha uHdopmaumsaTa, oduymManHo
ny6nnMYHO NpefoCcTaBeHa OT NpUTeXaTennTe Ha
paspelleHnATa 3a ynotpeba Ha NieKapcTBaTa
coTopasnb 1 agarpacmb, KakTo 1 Ny6MKyBaHuUTe
[AaHHW OT KAMHWUYHU U3NUTBAHWA U [OKNajBa-
HuTe HJIP B EBponeiickata 6a3a gaHHu (Eudra
Vigilance)

Pesyntatn

Pona Ha KRAS B HopmanHaTta KneTb4yHa
XomeocTasau npu3abonaBaHe

RAS e abpeBuaTypa npouvsnvsalia ot ,cap-
KOM npu nabX, Ha aHr. Rat sarcoma’, KoeTo
nokasBa Kak MbpBUTe UfIeHOBE Ha CEMENCTBOTO
Ha RAS reHuTe ca oTKpuUTK Npean noseye oT Tpu
necetunetna. RAS reHute ca nbpBuUTe NAEHTU-
buLMpaHn YOBELLIKM OHKOTeHW, OTKPUTU MbPBO-
HayvaJIHO KaTo BUPYCHW reHu, TpaHCAyLMpaHu oT
reHoMa Ha rpvsaym v OTrOBOPHM 3a OHKOreH-
HuUTe cBomncTBa Ha PHK TymopHute Bupycn.
OTKprBaHETO Ha OHKOTeHHUA BUPYC Ha CAapKOMa
Ha Harvey npwn nnbx npe3 1964 r. n Bnpyca Ha
capkoma Ha Kirsten npv nnbx npes3 1967 r. gasat
MbPBUTE HACOKM 3@ OHKOFE€HHW FreHeTUYHU ene-
MEHTU, JOKa3aHW FOANHMN NO-KbCHO KaTo CbCTaB-
naBawm yosewknute oHkoreHn HRAS n KRAS.
Mpe3 1982-1983 r. TpaHchopmupawmte RAS
OHKOreHW ca OTKPUTK B reHOMUTE Ha BUpycuTe
Ha capkoMma Ha Harvey v Ha capkoma Ha Kirsten n
B YOBELLKM PAaKOBU KNeTKM. (5)

CemerictBoTO Ha RAS ce cbcTom oT 36 YoBeLl-
KM reHa:

- KRAS (BrpyceH oHKOreHeH XOMOoJ1or Ha cap-
koMa Ha Kirsten npu nnbx),

- NRAS (HeBpob6nactom RAS BUpyceH OHKO-
reHeH XomMoJsior)

- HRAS (BupyceH oHKOreH Ha capkoma Ha
Harvey npu nnbx)

UrpanT Hav-Ba)KHaTa PoOsA B OHKOreHe3aTta npwu
xoparTa. (6)

Ot 1ax KRAS e nsodopmara, HabnogaBaHa
npu 85% OT MaHKpeacHWA afeHOKapuMHOM,
45% oT Kono-peKTanHus n 30% ot benoapobHUA
KapuUMHOM, 1 CrleloBaTesTHO € eANH OT Hal-4ecTo
cpelaHmTe oHkoreHu. (7) Mytaumnte Ha KRAS
npu HAKPB[ yecto ce cBbp3BaT C TIOTIOHO-
nyweHe — 36,9 % npw HacToAwwm nywayu, 32,3 %
npwv 6uBLIM Nywwaym 1 6.9% npw Henywauw. (8)

[eHbT KRAS ce Hammpa B KbCOTO paMo Ha Xpo-
mo3oma 12 (12p) u Kogupa manbk GTPase
TpaHcAyKTopeH npoTtenH HapeyeH KRAS npo-
TenH. Mytauunte Ha KRAS ca Ham-uyecTtaTa
MOneKynsapHa NpoMsAHa Npu pak Ha 6enna gpob
1 cpel Han-TpyaHWUTe 3a iedeHune. Te npucbCTBaTt
NPy OKOJO efHa TpeTa oT naumeHTuTe ¢ HOKPB/,
afeHoKapuuHoM. o-ronAmarta yact OT MyTa-
ummTe Ha KRAS ca nokanmsnpaHu B KOgoHu 12
unu 13, ¢ ManbK 6poi MmyTauum B KogoH 61. Han-
yecTo cpewaHaTta mytauma Ha KRAS npwn
HAOKPB[ e TpaHcBepcusA, Npu KOATO FyaHWH npu

Materials and methods

Review of official information provided by
the marketing authorization holders of the
medications sotorasib and adagrasib, as well as
published data from clinical trials and reported
ADRsinthe European database (EudraVigilance).

Results

Role of KRAS in normal cell homeostasis
anddisease

RAS is an acronym derived from "Rat sar-
coma," indicating how the first members of the
RAS gene family were discovered more than
three decades ago. RAS genes are the first
identified human oncogenes, discovered initi-
ally as viral genes transduced from the rodent
genome and responsible for the oncogenic
properties of RNA tumor viruses. The discovery
of the oncogenic Harvey sarcoma virus in the rat
in 1964 and the Kirsten sarcoma virus in the ratin
1967 provided the first clues to oncogenic gene-
tic elements, shown years later to constitute the
human HRAS and KRAS oncogenes. In 1982-
1983, the transforming RAS oncogenes were
discovered in the genomes of the Harvey sarco-
ma and Kirsten sarcoma viruses and in human
cancercells.(5)

The RAS family consists of 36 human genes:

- KRAS (Kirsten rat sarcoma viral oncogene
homolog),

- NRAS (Neuroblastoma RAS viral oncogene
homolog)

-HRAS (Harvey rat sarcoma virus oncogene)
and they have the most important role in
oncogenesisin humans. (6)

Of these, KRAS is the isoform seen in 85% of
pancreatic adenocarcinoma, 45% of colorectal,
and 30% of lung carcinoma, and therefore is one
of the most common oncogenes.(7) KRAS muta-
tions in NSCLC are often associated with smo-
king - 36.9% in current smokers, 32.3% in ex-
smokersand 6.9% in non-smokers. (8)

The KRAS gene is located on the short arm of
chromosome 12 (12p) and encodes a small
GTPase transducer protein called the KRAS
protein. KRAS mutations are the most common
molecular alteration in lung cancer and among
the most difficult to treat. They are present in
about a third of patients with NSCLC adeno-
carcinoma. The majority of KRAS mutations are
located in codons 12 or 13, with a small number
of mutations in codon 61. The most common
KRAS mutation in NSCLC is a transversion in
which guanine at codon 12 is replaced by

TARGETED THERAPY FOR
NON-SMALL CELL

LUNG CANCER (NSCLC)
WITH KRAS MUTATIONS

Thoracic Medicine
Volume XIII, Issue 2
June 2024




0630pwu

TapreTHa Tepanua

npu HeppebHOKNeTbYeH

paK Ha 6enua gpo6 (HAKPBA)
¢ KRAS myTaumm

TopakanHa MeguuuHa
Tom XIll, 6p.2
toHn 2024

KopoH 12 ce 3ameHs ¢ yucteunH (G12C). TpaHc-
BepcnaTta KRAS G12C npepctaBnaBa ~41% o1
KRAS myTauunTte npu 6enonpobeH afieHoOKap-
LIMHOM, KOETO Ce paBHABa Ha MPUCHCTBUE NPU
~13% o1 nayueHTtute c HAKPB/. (9) Opyru myTa-
umn B KRAS BkntouBat 3amectBaHuATa G12A,
G12D, G12R, G12S, G12V, G13A, C13C, G12D,
G13R,G13Sn G13 n3amectBaHuATa B G61; 0T TAX
G12V n G12D ca Han-yecTuTe, CpeLaLym ce npu
~18-20% wn pecnekTneHo ~14-15% OT BCUYKMK
HAOKPBA c myTaumn B KRAS. (9,10)

KRAS npoTtenHbT cbabpka 188 ammHOKMK-
CEeNMHHM OCTaTbKa C MoneKynHa Maca 21,6 kD n
y4yacTBa BbB BbTPeK/ieTbYHaTa CUrHanHa TpaHc-
aykuma. KRAS npoTenHbT yyacTBa B perynmpa-
HETO Ha KNeTbYHOTO JefieHe KaTo pe3ynTaT Ha
CNOCOGHOCTTA My [ia NPeAaBa BbHLUHU CUTHanm
KbM KneTbyHoTo Agpo.(11)

cysteine (G12C). The KRAS G12C transversion
accounts for ~41% of KRAS mutations in lung
adenocarcinoma, which equates to being pre-
sent in ~13% of NSCLC patients. Other muta-
tions in KRAS include the substitutions G12A,
G12D, G12R, G125, G12V, G13A, C13C, G12D,
G13R, G13S and G13 and the substitutions in
G61; of these, G12V and G12D are the most com-
mon, occurring in ~18-20% and ~14-15%, res-
pectively, of all NSCLCs with KRAS mutati-
ons.(9,10)

The KRAS protein contains 188 amino acid
residues with a molecular mass of 21.6 kD and is
involved in intracellular signal transduction. The
KRAS protein is involved in the regulation of cell
division as a result of its ability to transmit
external signalsto the cellnucleus. (11)

KRAS gene structure
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Our. 1. GrpykTypa Ha reHsT KRAS  KRAS npotenH,
aganTupana no Xile Zhou n cwp. (38)

KRAS npotenHbT (Manka GTP-a3a) ce Hamupa
Ha BbTpellHaTa MOBBPXHOCT Ha KNeTbyHUTE
MeMOpaHN 1 GYHKLMOHMPA KaTo MOJNEKYSPEH
npeBKoYBaTeN, MPOMEHSLL Ce MeXAY aKTUBHO,
ryaHosuH tpudocdar (GTP)-cBbp3aHO CbCTOA-
Hue (,ON“) n HeaKTUBHO, ryaHo3uH gudocoat
(GDP)-cBbp3aHo cbctosaHue (,OFF”). (4) KRAS
NPOTENHNTE MOTaT [la Ce aKTUBMPAT OT PACTEXHMN
baKTopy, XeMOKUHW, Kanuuesy NOHW unmn pe-
uenTopHa TMpo3nH KuHasa (RTK). (12) Cebp-
3aHmAT ¢ GTP KRAS B3anmogencTsa v AUpPeKTHO
aKTUBMPA CUTHaNHWTE NbTYLLA HaZony No Bepu-
rata, no-cneuyuanHo RAF-MEK-ERK (nbT, KOHTpO-
nvpaly KneTbyHata nponudepaums), PI3K-AKT-
mTOR (NbT, HacbpuaBaLy KNeTbYHOTO OLeNsABa-
He) U Jpyr CUrHAMHM MbTULLA, KOUTO Ca HEOHXO-
anmn 3a KRAS-3aBMCMM TyMOpeH pacTex, eH-
JoumMTo3a 1 UMTOCKeneTHa opraHusauma (Ou-
rypa2).(12)

OHKoreHHuTe (akTBMUpaLym) MyTaumm B KRAS
HamanABeaT npesBpbliaHeTo My oT GTP-cBbp3aHo
(akTmBHO) B GDP-cBbp3aHo (HeakTUBHO) CbCTOA-
Hue, 3aknouBakm KRAS B KOHCTUTYTUMBHO akK-
TBHa GOPMa, KOATO MOXe a MHULMKPA BbTpe-
KNeTbYHM KacKagw, He3aBUCKMO OT M3BbHKIle-
TbUHUTE cUrHanu. ToBa BOAU [O HEKOHTPONW-
paHa KneTbyHa nponvdepaunsa n ouensBaHe 1
[onprHaca 3a pacTexka Ha Tymopa. (10)

SWITCHZ
58-66

[ T B3 87 104 110 116 127 13T 140 144 152 166

Fig. 1. Structure of KRAS gene and KRAS protein,
adapted from Xile Zhou et al. (38)

The KRAS protein (small GTPase) is located on
the inner surface of cell membranes and functi-
ons as a molecular switch, changing between an
active, guanosine triphosphate (GTP)-bound sta-
te ("ON") and an inactive, guanosine diphospha-
te (GDP)-bound state ("OFF"). (4) KRAS proteins
can be activated by growth factors, chemokines,
calcium ions, or a receptor tyrosine kinase (RTK).
(12) GTP-bound KRAS interacts with and directly
activates downstream signaling pathways, spe-
cifically RAF-MEK-ERK (pathway controlling cell
proliferation), PI3K-AKT-mTOR (pathway promo-
ting cell survival) and other signaling pathways
that are required for KRAS-dependent tumor
growth, endocytosis and cytoskeletal organiza-
tion (Figure 2).(12)

Oncogenic (activating) mutations in KRAS
reduce its conversion from a GTP-bound (active)
to a GDP-bound (inactive) state, locking KRAS
into a constitutively active form that can initiate
intracellular cascades independently of extracel-
lular signals. This gresults in uncontrolled cell
proliferation and survival and contributes to
tumor growth. (10)
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Our. 2. PerynupaHe Ha akTuBupaHeto Ha KRAS u curanHata
TPpaHCAyKumA, aganTupaxa no Huang u cwtp. (12)

He e acHo pann mytauuute Ha KRAS Baunaat
BbpXy nporHosata npu HAKPB/, kato HAKown
npoy4BaHVA CbobLIaBaT 3a NMO-NIOLIN Pe3ynTaTh
3a npexmeaemocT npu naumeHTn ¢ KRAS myTa-
uum, oTKoNKoTo npu Tesm ¢ aus Tun KRAS (13), a
LPYrv NpoyyBaHnaA He OTKpMBAT epeKT Ha MyTa-
umnoHHMsA ctatyc Ha KRAS Bbpxy obLuaTa npexu-
BAemocT (OC) (14). CbobLiaBa ce, ue pasnyHUTe
BapuaHT Ha KRAS vmat pasnmuyHu mogenun Ha
pa3npocTpaHeHve Ha Tymopa, Hanpumep KRAS
G12C ce cBbp3Ba C NOBeYEe KOCTHM M MO3bYHU
meTacTta3n, a KRAS G12V ce cBbp3Ba c noeeye
nneBpasHu 1 NepukapgHu metactasu (15). Bapu-
aHTuTe Ha KRAS cbLio ce pasnuyaBat XucTono-
rnyHo, Kato KRAS G12C ce cBbp3Ba No-pARKoO C
MYLMHO3€eH afieHoKapLuMHOM, oTKonkoTo KRAS
G12DunnKRASG12V(16).

KRAS myTaummTe 4ecTo ce n3KouBaT B3auM-
HO C Te31 B APYr OHKOIeHHW ApanBbpu, KOETO
npasu MaeHTUOULMPaAHETO Ha ApPYru ,BOAeLLM
MyTauumn® Masiko BEPOATHO MPY NaLWeHTN C Ha-
6nogasaHn KRAS mytaumm (17). Bbnpekn ToBa
Ca YeCTn HAKOM BaXHW HEOHKOTeHHU ,BoAeLn
MyTaumum®, KOUTO CbNBTCTBAT MyTauuuTe Ha
KRAS (14). EanH aHanu3 ycTaHOBABA, Ye MaJiko
Hag nonosuHaTa oT nayuneHTuTe ¢ KRAS myTayum
MMmaT NoHe efHa AOMbJIHUTENHA, GYHKLMOHANHO
3HayMMma, cbnbTcTBaWa MyTtauma(14). ConbT-
CTBaWM MyTauuu, HabnopasaHu npy HOKPBA ¢
KRAS c noteHuunanHo GpyHKLMOHANHN 3HauYMM
edpekTn, Bkntousat TP53, STK11, KEAP1 MET,
RBM10, EPHA5 n ERBB2/HER2 (camo ¢ noatmna
KRAS G12C) (14,18). ConbTcTBaWM MyTauun B
reHn kato STK11, KEAP1 n TP53 moraTt ga ce
noteHumpart ¢ KRAS myTtauumte, ga ctumynmpat
OHKOreHesaTa M fa MOBAUAAT Ha TepaneBTUY-
HUTE OTrOBOPU, KAaKTO U HA CMOCOOGHOCTTA Ha
TYMOPHUTE KIETKM Aa Npugobuat pesucteHT-

Fig. 2. Regulation of KRAS activation and signal transduction,
adapted from Huang etal. (12)

It is unclear whether KRAS mutations affect
prognosis in NSCLC, with some studies reporting
poorer survival outcomes in patients with KRAS
mutations than those with wild-type KRAS (13)
and other studies finding no effect of KRAS
mutational status on overall survival (OS)(14).
Different KRAS variants have been reported to
have different tumor dissemination patterns, for
example, KRAS G12C is associated with more
bone and brain metastases, and KRAS G12V is
associated with more pleural and pericardial
metastases (15). KRAS variants also differ histolo-
gically, with KRAS G12C being less frequently
associated with mucinous adenocarcinomathan
KRASG12D orKRASG12V(16).

KRAS mutations are often mutually excluded
with those in other oncogenic drivers, making
the identification of other “driver mutations”
unlikely in patients with observed KRAS muta-
tions (17). However, some important non-onco-
genic “driver mutations” that accompany KRAS
mutations are common. One analysis found that
just over half of patients with KRAS mutations
have at least one additional, functionally signifi-
cant, concomitant mutation. Concomitant mu-
tations observed in KRAS NSCLC with potentially
functionally significant effects include TP53,
STK11, KEAP1 MET, RBM10, EPHAS5, and ERBB2/
HER2 (only with the KRAS G12C subtype) (14,18).
Concomitant mutations in genes such as STK11,
KEAP1 and TP53 can potentiate with KRAS muta-
tions, promote oncogenesis and affect thera-
peutic responses as well as the ability of tumor
cells to acquire resistance. Concomitant mutati-
ons can alter prognosis, with STK11 and KEAP1
mutations thought to decrease survival. (18)
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HOCT (19). CbnbTCTBAWUTE MyTauuMyM MoraT ga
NPOMEHAT NporHo3arta, Kato 3a STK11 n KEAP1
MyTaLuMmTe ce CMATa, Ye HaMansaBaT NpexuBsae-
MocTTa.(18)

OvpekTHO nHXM6uUpaHe Ha KRAS

MyTaumnata KRAS G12C e cpepn Ham-yecto
cpellaHaTa OHKoreHHa npomsaHa npu HAKPBJ, a
coTopas3nb n apgarpacnb npepnarat HOBU Tepa-
NeBTUYHM NBTULLA 32 Ta3n LeN KOSATO A0 CKOpO
He e noanexasna Ha neyeHve. Cotopasunb n aga-
rpacnb nonyvyaBaT YCKOpeHO ofobpeHue Ha
AZMUHUCTPaLMATa No XpaHu 1 nekapctea (FDA)
cnen daza /Il knuHnyHK n3nuTBaHus. Cotopa-
316 e MbpBUA MeanKkameHT B Kfiac KRAS nHxmnbum-
TOPW 1 NMOKa3Ba NPOLEHT HAa 06eKTVBEH OTFOBOP
(ORR) 41% u npexuBsieMoCT 6e3 nporpecusi
(PFS) 6,3 meceua. Bbs dasa Il nsnuteaHe coto-
pa3nb nokasea 3HauMTeNHO No-gbra PFS B cpa-
BHeHwMe ¢ goueTakcen (5,6 cnpamo 4,5 meceua; P
=0,0017). Aparpacn6 pasa ORR42,9% un PFS 6,5
Meceua. /I gBeTe nekapcTBa MMaT yHUKanHU
npodounn Ha 6e30nacHOCT ¢ 06La TOKCUUYHOCT,
BKJOUNTENIHO AMapuA, MYCKYNHO-CKeneTHa
60751Ka, yMopa 1 XenaToToKCMYHOCT. HacToawuTe
HacoKu 3a neyeHne Ha HOKPB/[ nocTtaBAT coTo-
pa3nb 1 agarpacnb KaTo BTOpa IMHMA NPy Nauu-
eHtn ¢ HOKPB ¢ notBbpaeHa mytauma KRAS
G12C (20). B Tabnuuya 1 no-gony cme npepcTa-
BUJIN OCHOBHUTE PA3/INKN MEXIY COTOpasnb u

Direct KRAS Inhibition

The KRAS G12C mutation is among the most
common oncogenic alterations in NSCLC, and
sotorasib and adagrasib offer novel therapeutic
roads for this previously undruggable target.
Sotorasib and adagrasib received accelerated
Food and Drug Administration (FDA) approval
after phase I/1l clinical trials. Sotorasib is the first
drug in the class of KRAS inhibitors and showed
an objective response rate (ORR) of 41% and a
progression-free survival (PFS) of 6.3 months.Ina
phase Il trial, sotorasib showed a significantly
longer PFS compared with docetaxel (5.6 vs. 4.5
months; P = 0.0017). Adagrasib resulted in an
ORR of 42.9% and a PFS of 6.5 months. Both
medications have unique safety profiles with
common toxicities including diarrhea, musculo-
skeletal pain, fatigue, and hepatotoxicity.
Current NSCLC treatment guidelines place soto-
rasib and adagrasib as second-line treatment in
NSCLC patients with a confirmed KRAS G12C
mutation. (20) In Table 1 below, we have presen-
ted the main differences between sotorasib and
adagrasib.

afarpacub.

Ta6n. 1. 0606LeH1e Ha pa3nuKuTe Mex gy coTopacud
u aparpacu6, agantupata no Yuko Oya u cvTp
1 Batrash Firas u cvp). (23,39)

Table 1. Summary of the differences between sotorasib
and adagrasib, adapted from Yuko Oya et al and Batrash

Firas etal. (23,39)

Sotorasib Adagrasib Sotorasib Adagrasib

Bug uHxubuTop Heobpatum KoBasneHTeH Heo6patum KoBaneHTeH Type of inhibitor Irreversible covalent Irreversible covalent
uHxu6uTop Ha KRASG12C uHxubutop Ha KRASG12C inhibitor of KRASG12C inhibitor of KRASG12C

MexaHu3bm Ha 06pa3ysa BoaHu MocToBe [ /3non3sa meaunpaxo Mechanism of inhibition Forms water bridges Uses hydrogen mediated

WHXM6MpaHe MeXAY THPO3UHOBUA 0T BO/IOPOA (BbP3BaHe between the tyrosine bonding of the hydroxyl
0CTaTbK B NpOTeNHa Ha XWAPOKCUNHaTa rpyna residue found in the group on the KRASG12C
KRASG12C v Kap6okcun- Ha ko6a KRASG12C KRASG12C protein pocket with adagrasib's
HaTa rpyna B cotopasu6 C MMPUMWAVHOBIA NPbCTEH and the carboxyl group pyrimidine ring

Ha ajjarpacu6 in sotorasib

Jlo3a (mr) 960 Mr 0panHo BeAHBX 600 Mr opanHo Aga Dose (mg) 960 mg orally once daily 600 mg orally twice daily

[iHeBH0 /960 mg MBTU JHeBHO (061La AHEBHA (total daily dose 1200 mg)
1032 1200 mr)
TonyxuBoT (Yacose) 5.5+1.8 24 Half life (hours) 5.5+1.8 24
KnuHnuHo npoyusaHe CodeBreak100 KRISTAL-1 Trial CodeBreak100 KRISTAL-1
u3aitH Ha npoyysareto | CeHo pamo, asa 2 CepiHo pamo, daza 2 | Design Single-arm P2 Single-arm P2

bpoii nauvenTy, n 126 112 Patients, n 126

[TbpBUYHa KpaiiHa Touka (06eKTUBEH 0TT0BOP 06eKTUBEH 0TFOBOP Primary endpoint ORR ORR

06eKTuBEH 0TrOBOP 37.1(28.6-46.2) 43(33.5-52.6) ORR (95% Cl) (%) 37.1(28.6-46.2) 43 (33.5-52.6)

(95% ) (%)

[TbneH otroop (%) 24 0.9 (R (%) 24 0.9

YactuyeH otrosop (%) 35 42 PR (%) 35 4

TpoAbIKUTENHOCT Ha 11.1(6.9-NE) 8.5(6.2-13.8) DOR (95% Cl) (months) 11.1(6.9-NE) 8.5(6.2-13.8)

otroBopa (95% A1)

(mecewy)

Mauventu ¢ npoabmXK- 58 58 Patients with duration 58 58

TENHOCT > 6 MeceLia (%) > 6 months (%)

Cnef KpaitHoTo Bpeme beyond landmark time

(TeneH Ha KOHTPON Ha 80.6 (72.6-87.2) 80 (70.8-86.5) DCR (95% (1) (%) 80.6 (72.6-87.2) 80 (70.8-86.5)

60 0 (95% M) (%)

MpexuBaemoct 6e3 6.6(5.1-8.2) 6.5 (4.7-8.4) PFS (95% () (months) 6.6(5.1-8.2) 6.5(4.7-8.4)

nporpecua (95% 1) (5.6 mecewja BbB dasa lll) (5.6 months in phase Ill)

(mecewy)

061wa npexuBaeMocT 12.5 (10.0-NE) 12.6(9.2-19.2) 05 (95% () (months) 12.5 (10.0-NE) 12.6 (9.2-19.2)

(95% [N) (mecewn) (10.6 mecevia BbB dasa lll) (10.6 months in phase Ill)

Mepuopn Ha npocneaasate | 153 129 Follow-up period 153 12.9

(mecewy) (months)

bpoii nauveHTy ¢ 26 (20.6) 24(21) Brain metastasis, 26 (20.6) 24(21)

MO03byHH MeTacTasu (%) n (%)

TTpeAKNMHNYHI faHHY, n/a Anarpacub ce oTKpuBa Preclinical data indicating | n/a Presence of adagrasib

N0Ka3BaLLy CNOCoBHOCT B MO3bKa it Liepebpocnu- ability to penetrate detected in brain

33 NPOHMNKBAHe B MO3bKa Ha/lHaTa TeYHoCT the brain and and cerebrospinal fuid

W NKBOPA cerebrospinal fuid

VHTpakpaHuaneH obekTuBeH| 33, 85 12.5,88 Intracranial ORR, 33,85 125,88

0TrOBOP, CTENeEH Ha KOHTON DCR rates (%)

Ha 10 (%)

Yectora Ha nporpecupawo | 16.1 5 PDrate (%) 16.1 5

3a6onaBate (%)

HamansBaHe Ha fo3ata/ 223 Penykuwa Ha fo3ata: 52 Dose reduction/interruption | 22.3 Dose reduction: 52

yecToTa Ha npekbeaane (%) MpekbeBaHe Ha fo3ata: 61 rate (%) Dose interruption: 61




Sotorasib (TbproBcko HaumeHoBaHue
LUMAKRAS™ B CALL, LUMYKRAS B EBpona) -
noJslyyaBa MbpPBOHAYANIHO YCKOPEHO 006peHne
ot FDA n EMA npe3 2021 r. Kato moHOTepanus
MefVKaMeHTa € NoKa3aH 3a JleyeHre Ha Bb3pacT-
Hu c aBaHcupan HOKPB c KRAS G12C myTauma n
C nporpecys Ha 3abonABaHeTO cfief Hall-Masiko
eflHa NpeaxoAHa NIMHMA Ha CMCTEMHA Tepanus.
(21,22) Cotopasunb e nHxmbutop Ha KRAS G12C,
OorpaHuyeHa OT TYMOpa, MyTaHTHO-OHKOreHHa
dopma Ha RAS GTPaza. Obpasysa HeobpaTMa
KOBaJIeHTHa BPb3Ka C YHWKaNHMA LMCTEUH Ha
KRAS G12C, kKaTo 3ak/itouBa NpoTenHa B Heak-
TUBHO CbCTOAHNME, KOETO NPefoTBPaTABa CUrHa-
N3MPAHETO Hafony Nno Bepurata, 6e3 fga 3acAra
aveusa Tun KRAS. Cotopasnb 6nokmpa KRAS cur-
HaNM3UPaAHETO, UHXNOMPA KNETbUYHNUSA pacTex 1
HacbpuaBa anonTto3aTta camo B KRAS G12C 1y-
MOPHU KNIeTbuHM NnHuK. CoTopacnd nHxmnbrpa
KRAS G12C in vitro u in vivo ¢ MUIHUMaNHO OT-
KpriBaeMa akTMBHOCT 13BbH LenTa. [pu mogenn
Ha MUV TYMOPEH KCEHOTPAHCMAHT, IeYeHneTo
CbC coTOpasmb BoaAM AO perpecus Ha Tymopa 1
YAbMKEHA NPEXNBAEMOCT U € CBbP3aHO C aHTU-
TymopeH mumyHuteT npu KRAS G12C mogenn.
(21) Cotopasmb nonyyaBa yCKOPEHO 0f06peHne
cnef oueHKa Ha edrKaCcHOCTTa B KJIMHUYHO
npoyuysaHe CodeBreaK 100 (NCT03600883). B
TOBa MHOTOLIEHTPOBO, €AHOrPYNOBO, OTBOPEHO
nsnuteaHe ¢asa I/ Il ca BknoyeHun 174 nayneHTn
¢ KRAS G12C nokanHo aBaHcMpan uiam metacra-
TnueH HOKPB[ cnep nporpecua npy npeauLHm
Tepanuun. MaumenTnte (N=174) ca nonyumnu co-
TOopas3nb 960 mg BeAHDBXK AHEBHO C MbPBUYHUTE
KpaliHU TOYKM 6e30MacHOCT U MOHOCUMOCT
(ba3a |, N=48) n epurkacHocT, oueHeHa upe3 ORR
(da3a Il, N=126). Cotopasunbd nokassa ORR 37%,
CpefiHa MpoAb/IKUTENHOCT Ha oTtrosopa 11.1
meceua, PFS 6.6 meceua, OS 12.5 meceua (Tab-
nmua 1).(21,22,23)

Grace v CcbTp. NnpocnenaBsaTt 3a ABe rogunHn
nayueHTuTe, yyactsanu B CodeBreaK 100 n oue-
HABAT AbArocpoyHata edmkacHocT, besonac-
HOCT 1 BrioMapKepy Ha coTopa3nb. 3HaunTeNHa
YacT OT NaLMeHTUTe ca NOAYYMAN SBAroCPOYHA
KNMHWYHa non3a (1- n 2-roguiuHa yectota Ha OS,
CboTBETHO 51% 1 33%). [iByrognwHata OS 33%
CbC COTOPa3mb e No-B1COKa CNPAMO AoLieTaKcen
(OS 14%) a PFS = 12 meceLa e HabntogaBaHa npu
40 (23%) oT nauyuneHTnTe C ekcnpecua Ha PD-L1,
NP YacT OT NaUMeHTUTe CbC COMATUYHU M3Me-
HeHusa Ha STKT1 u/unn KEAP1, n e cBbp3aHa c no-
HUCKU U3XOAHW HUBA Ha LMPKynpaLla TYMopHa
[HK. CoTopa3ub ce noHacsa gobpe, C ManKko TOK-
CVYHU edeKTN, HUTO eHO OT KOUTO He e OBEeNo
[0 NpeKbCBaHe Ha NeyeHmeTo. Te3n pesyntatu
JEeMOHCTpMpaT AbArocpoyHaTa non3a ot CoTo-
pa3nb, BKNOUMTENHO B MOATPYNHM C JloLa npor-
Ho3a. (24) BbB ¢a3a lll CodeBreaK 200 paHgomu-
31MpaHo KoHTponupaHo npoyuysaHe (NCT04303
780), coTopasnb Nnokasea CTaTUCTUYECKN 3HAUW-
MO nofgobpeHne Ha PFS cnpsimo goueTakcen B
npeaBapuTenHo nekyBaHu nauyueHtn ¢ KRAS
G12CHAKPBA, c 34% HamaneHne Ha OTHOCUTES-
HWUA PUCK OT Mporpecrs Ha 3abonfaBaHeTo Unn

Sotorasib (Trade name LUMAKRAS™ in the
US, LUMYKRAS in Europe) - receives initial
accelerated approval from the FDA and EMA in
2021. As monotherapy, the medication is indica-
ted for the treatment of adults with advanced
NSCLC with a KRAS G12C mutation and with
disease progression after the most somewhat a
prior line of systemic therapy. (21,22) Sotorasib is
an inhibitor of KRAS G12C, a tumor-restricted,
mutant-oncogenic form of the RAS GTPase. It
forms an irreversible covalent bond with the
unique KRAS G12C cysteine, locking the protein
in an inactive state that prevents downstream
signaling without affecting wild-type KRAS.
Sotorasib blocks KRAS signaling, inhibits cell
growth and promotes apoptosis only in KRAS
G12C tumor cell lines. Sotorasib inhibits KRAS
G12Cinvitroand invivo with minimal detectable
off-target activity. In murine tumor xenograft
models, treatment with sotorasib resulted in
tumor regression and prolonged survival and
was associated with antitumorimmunity in KRAS
G12C models.(21) Sotorasib received accelera-
ted approval after evaluating efficacy in the
CodeBreaK 100 clinical trial (NCT03600883). This
multicenter, single-arm, open-label I/l phase
trial enrolled 174 patients with positive KRAS
G12Clocally advanced or metastatic NSCLC after
progression on prior treatment. Patients (N=174)
received sotorasib 960 mg once daily with the
primary endpoints of safety and tolerability
(phase I, N=48) and efficacy assessed by ORR
(phase I, N=126). Sotorasib showed ORR 37%,
median duration of response 11.1 months, PFS
6.6 months,OS 12.5 months (Table 1).(21,22,23)

Grace et al. followed patients enrolled in
CodeBreaK 100 for two years and evaluated the
long-term efficacy, safety, and biomarkers of
sotorasib. A significant proportion of patients
obtained long-term clinical benefit (1- and 2-
year OS rates, 51% and 33%, respectively). OS
33% with sotorasib at the second year was
superior to docetaxel (OS 14%) and PFS > 12
months was observed in 40 (23%) of patients
with PD-L1 expression, in a proportion of
patients with somatic alterations of STK11 and/
or KEAP1, and was associated with lower base-
line levels of circulating tumor DNA. Sotorasib
was well tolerated, with few toxicities, none of
which led to treatment discontinuation. These
results demonstrated the long-term benefit of
sotorasib, including in poor-prognosis sub-
groups. (24) In phase Il CodeBreaK 200 rando-
mized controlled trial (NCT04303780), sotorasib
showed a statistically significantimprovementin
PFS over docetaxel in previously treated patients
with KRAS G12C NSCLC, with a 34% reduction of
the relative risk of disease progression or death
with sotorasib (HR 0.66; P=0017). There was no
difference in OS, but an improved quality of life
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CMDBPT CbC cotopasunbd (HR 0,66; P=0017). Hama
pa3nuka B OS, HO ce HabnogaBa NoJo6pPEHO Ka-
YeCTBO Ha XMBOT CbC cOTOpasnd. Tesm pesyntatu
Ca OKyparkaBally, KaTo Ce MaT npeaBu iolumnte
pe3ynTaTy OT CTaHAapTHATa XuMmnoTepanus. (25)

Adagrasib (TbproBcko HanmeHoBaHue
KRAZATI) nonyyaBa mbpBOHaYanHO YCKOPEHO
opobpeHune ot FDA npe3 2022 . n ot EMA B Kpasn
Ha 2023 1. Toin e HeobpaTM NHXMO6UTOP Ha KRAS
G12C, KOMTO KOBaNeHTHO Ce CBbP3Ba C MyTaHT-
Huna umctenH B KRAS G12C n 3akniouBa MyTaHT-
HuA KRAS npoTerH B HEFrOBOTO HEAKTUBHO CbC-
TOsIHMe, KOeTO npefoTBpaTABa CUrHanmsupa-
HeTo Hafony no BepuraTta, 6e3 fa 3acsara AvMBuA
Tnn KRAS npoTeuH. Agarpacub nHxubupa
pacTexa U XM3HECNMOCOOHOCTTA Ha TYMOPHUTE
KneTkn Hocewm myTauum Ha KRAS G12C, n Bogun
[0 perpecssa Ha Tymopa B MOLENM Ha KCEeHO-
TpaHCcNNaHTaumuA Ha Tymop ¢ mytauma Ha KRAS
G12C cMMHUMaNHa aKTUBHOCT U3BbH LieNTa. (26)

Aparpacnb nonyvaBa yckopeHo opobpeHue
cnep oueHKa Ha epUKacHOCTTa B KITMHUYHO Mpo-
yuBaHe KRYSTAL-1 (NCT03785249) mynTuko-
XOPTHO npoyuBaHe dasza 1/2, oueHABaLo ajar-
pacnb Kato MOHOTEpPaNUst AN B KOMOVHMPaHN
pPeXUmMu Npy NauMeHTn C HanpeaHanu ConuaHN
Tymopu ¢ myTauma KRAS G12C. BknoyeHn ca 112
naLMeHTU C TOKaNHO aBaHCKpa UM MeTactaTu-
yeH KRASG12C HOKPBJ, konTo npean ToBa ca
NeKyBaHW C XMMUOTEPANUA C NAaTUHA U UMYHO-
Tepanua, umat ECOG PS 0 unn 1 n noHe egHa
n3mepuma nesusa. Agarpacn6 nokassa ORR43%,
cpefHa NPOAbIKUTENHOCT Ha oTroBopa 8.5
meceua, PFS 6.5 meceuya, OS 12.6 meceua
(Tabnwnua 1).(26)

Bbnpeku ye ABaTa MefVKamMeHTa MMaT CXO-
[EeH MeXaH13bM Ha IeICTBME, Ma Pa3NKN MeX-
Zy coTopasnb v agarpacu6:

1. ®apmakokuHemMu4YHU Xapakmepucmuku:
CpepHoOTO Bpeme 0 AOCTUraHe Ha NMKOoBa Nias-
MEHA KOHLeHTpauus e 1 yac npu cotopasnb n 6
Yaca npwu agarpasu6. 3a pasnuka oT agarpacuo,
KbAEeTo XpaHaTa He OKa3Ba B/IMAHME BbPXY pe-
30pbumATa, eHOBPEMEHHNA NPMEM Ha COTopa-
316 C Ma3Ha 1 BUCOKOKaNlopryHa XpaHa Boau 10
no-gobpa pesobuua. Bbnpeku ye n ABaTa Meau-
KaMeHTa ce CBbp3BaT BbB BYCOKA CTeMeH C nnas-
MEHUTE NPOTEVHU, OBEMBT Ha pasnpefeneHne
Ha cotopa3n6 e 211 L cpeuwy 6nu3o 942 L 3a
aparpacmb. [onynBoTHT Ha COTOPa3nb e OKoJo
5 yaca, loKaTo 3a agarpacub e 6nm3o 23 vaca. A
[BaTa MeflKaMeHTa ce MeTabonusmpaT B yep-
HUA Opob upe3 cuctemaTa Ha uutToxpom P450,
npeamHo CYP3A4, n ca Bb3MOXHU neKkapcT-
BeHV B3aumopencTeua. llopaamn ToBa nekapcTsa,
KOUTO MHXMOMPAT UK MHAYLUMPAT akKTMBHOCTTa
Ha CYP3A4, TpsibBa fa ce n36sreat unv gosarta Ha
coTopasunb/agarpacub Tpabea fa ce Kopurnpa.

2. Cepuo3sHu HP ca HabntogaBaHu npu 50% ot
naumneHTUTE, Noy4YaBanm cotopasub u npu 57%
OT NauueHTUTE, NoslyyaBanu agarpacub. Gatan-
H1 HP ca HacTbnvnm npu 3.4% OT nayuneHTuTe,
KOUTO Ca moayyunu cotopasub un npu 11% ot
nayuveHTUTe, Nonyymnu agarpacmb. I geata

was observed with sotorasib. These results are
encouraging, considering the poor results of
standard chemotherapy. (25)

Adagrasib (Trade name KRAZATI) receives
initial accelerated approval from the FDA in 2022
and from the EMAin late 2023.Itis anirreversible
inhibitor of KRAS G12C that covalently binds to
the mutant cysteine in KRAS G12C and locks the
mutant KRAS protein in its an inactive state that
prevents downstream signaling without
affecting the wild-type KRAS protein. Adagrasib
inhibits the growth and viability of tumor cells
carrying KRAS G12C mutations, and induces
tumor regression in KRAS G12C-mutated tumor
xenograft models with minimal off-target acti-
vity. (26)

Adagrasib received accelerated approval
after evaluating efficacy in the KRYSTAL-1 (NCT
03785249) multicohort phase 1/2 clinical trial
evaluating adagrasib as monotherapy orin com-
bination regimens in patients with advanced
KRAS G12C-mutated solid tumors. There were
included 112 patients with locally advanced or
metastatic KRASG12C NSCLC who were previ-
ously treated with platinum chemotherapy and
immunotherapy, had ECOGPS O or 1,and at least
one measurable lesion. Adagrasib showed ORR
43%, median duration of response 8.5 months,
PFS 6.5 months, OS 12.6 months (Table 1).(26)

Although the two medications have similar
mechanism of action, there are differences
between sotorasib and adagrasib:

1. Pharmacokinetic characteristics: The mean
time to peak plasma concentration is 1 hour for
sotorasib and 6 hours foradagrasib. In contrast to
adagrasib, where food does not affect resor-
ption, co-administration of sotorasib with fatty
food and high-caloric food leads to better resor-
ption. Both medications are highly bound to
plasma proteins, and the volume of distribution
for sotorasib is 211 L compare to 942 L for
adagrasib. The half-life of sotorasib is about 5
hours, while foradagrasib is about 23 hours. Both
medications are metabolized in the liver by the
cytochrome P450 system, primary CYP3A4, and
drug-drug interactions are possible. Therefore,
medications that inhibit or induce CYP3A4 acti-
vity should be avoided or the dose of sotorasib/
adagrasib should be adjusted.

2. Serious ADRs occurred in 50% of patients
receiving sotorasib and in 57% of patients recei-
ving adagrasib. Fatal ADRs occurred in 3.4% of
patients who received sotorasib and in 11% of
patients who received adagrasib. Both medica-
tions have similar side effects which are gastro-



MefVKaMeHTa UMaT NogOOGHN CTPaHUYHK edek-
T KOUTO Ca CTOMALLHO-YPEBHU, XENATOTOKCNY-
HOCT 1 Npobnemu ¢ 6ennTe opoboBe n AnLLIaHe-
10. Mpr agarpacub e HabnaaBaHO yabKaBaHe
Ha QTc nHTepBana, KaTo TOBa MOXe fia foBeae [0
XMBOTO3aCTpalLaBalLM apPUTMUK, BKIIOYNTENTHO
torsades de pointes. ToBa Hanara MOHUTOpPYPaHe
Ha EKI 1 enekTponutnte Npm puckoBm NauneHTn
M Npy HeobXoaUMOCT HamansABaHe Ha [o3aTa
WM OKOHYaTeNIHO MpeycTaHOBeTe Ha neveHue-
T0. /I 3a gBaTa MepgMKameHTa ce npenopbysa
MOHUTOPUPaHe Ha YyepHoapobHKTe nabopaTop-
HW TecToBe NPeAu 3anoyBaHe Ha JIeYEeHNETO 1
npes NbpBuUTe 3 MeceLa Ha JIeYEHMETO, KaTo Nnpu
HeobXoAMMOCT fo3aTa Ce pefyLupa unm ce cnu-
pa neuyeHuveto. TpsAbBa Aa ce n36sirBa egHOBpe-
MEHHOTO NMPUJIOXKEHME Ha COTOPa3nbd C MeanKa-
MEHTM, KOUTO HamasiABaT CTOMALLIHATA KUCENTNH-
HOCT (MHXMOVTOPY Ha NPOTOHHA Nomna, H2 aHTa-
roHuctu). Mpwn ynotpeba Ha agarpacnb Tpsabdsa
[a ce n3barea egHoBpemMeHHa ynoTpeba c ne-
KapcTBa, KouTto yabmkasat QT uHTepBana, a
cbuwo Taka u ¢ vyscteutenHun CYP2C9 wmnu
CYP2D6 cybcTtpaty unu P-gp cybcTpaTti, KbaeTto
MUWHVMaNHN NPOMEeH B KOHLeHTpauumaTa Morat
naposepfar go cepnosHm HJ1P.

Mpernep Ha EBponelickaTta 6a3a gaHHM 3a
[OKNagBaHN HeXeNlaHU JIeKapCTBEeHU peak-
yun (HJIP). Hne npernepaxme eBponenckarta
6a3a paHHM EudraVigilance 3a poknagBaHu
nogo3svpanu HJIP 3a cotopasnb n agarpacub c
kntoyoBu gymmu Lumykras, sotorasib, Krazati un
adagrasib.3anepuopa 01.2021-02.2024, o6wmAat
6poi1 foknagsaHu nogo3vpanm HI1P 3a cotopa-
316 ca 1095. Toii KaTo afarpacub e CpaBHUTENHO
0oTCKOpO ofobpeH oT EMA 1 HanvyeH B Abpa-
BuTe ot EC, goknagesaHute nogo3npanu HJ1P ca
camo 65. IpynupaHu no cncteMo-opraHeH Knac,
Hall-ronsm 6poi goknaasaHu nogosupann HI1P
Ca 3a CTOMALIHO-YPEBHU HapylleHusa (coTopa-
316 - 260; aparpacu6 - 22), xenatobunmapHu
HapyLweHusn (cotopasunb — 199; agarpacn6 - 3),
o6l HapyleHUs 1 ePpeKkT Ha MACTOTO Ha
npunoXxeHue (cotopasnb —411; agarpacu6 - 26),
HapyLUeHUsl HA HepBHaTa cucTemMa (coTopasub —
48; aparpacunb — 22) n pecnupaTopHU HapyLue-
HUA (coTopa3nb —96;agarpacn6-11).

Cnopep yeb caiita Drug.com kbm dpeBpyapu
2024, 6poAT Ha Bb3MOXKHUTE JIEKAPCTBEHU
B3aVMMOJENCTBUA € 3HauuTeneH, KaTto 3a 471
NeKapcTBa e U3BECTHO, Ye B3aUMOAENCTBAT CbC
coTopasn6.0T obwmA 6poI NeKapCcTBEHN B3a-
nmopgencreus, 106 ca 3Haunmu, 354 ca ymepeHun
1 11 ca He3HAUUTENHW. 3HAUYMMUTE B3aUMoen-
CTBUSA Ca BbB Bpb3Ka C: 1) ymepeHaTa MHAYKUNWA
Ha CYP3A4 oT coTopa3mb 1 npomsiHaTa Ha nnas-
MEHUTE KOHLIEHTPALMM Ha NIeKapCTBa CyoCTpaTy
Ha Ta3u n3odopma; 2) NPoMsiHaTa Ha cOOCTBe-
HUTE My KOHLEHTpaUuu, Korato ce KOMOMHMpa
CbC cunHM nHAyKTopu Ha CYP3A4; 1 3) Hamane-
HaTa My abcopbuma npu nosuwasaHe Ha pH B
CcToMaxa OT MPOTOHHU MHXUOUTOpU 1 H2-6510-
Kepwu.

intestinal, hepatotoxicity and lung and breat-
hing problems. Prolongation of the QTc interval
has been observed with adagrasib, which may
lead to life-threatening arrhythmias, including
torsades de pointes. This requires ECG monito-
ring and monitoring of electrolytes in patients
at-risk and, if necessary, dose reduction or
permanent discontinuation of treatment. For
both medications, monitoring of liver laboratory
tests is recommended before starting treatment
and during the first 3 months of treatment, and if
necessary, the doseisreduced or the treatment is
terminated. Concomitant administration of
sotorasib with medications that reduce gastric
acidity (proton pump inhibitors, H2 antagonists)
should be avoided. Concomitant use of adagra-
sib with drugs that prolong the QT interval, as
well as with sensitive CYP2C9 or CYP2D6
substrates or P-gp substrates, where minor
changes in concentration can lead to serious
ADRs, should be avoided.

Review of the European database of
reported adverse drug reactions (ADRs). We
searched the European database EudraVigilance
for reported suspected ADRs for sotorasib and
adagrasib with keywords Lumykras, sotorasib,
Krazati and adagrasib. For the period 01.2021-
02.2024, the total number of reported suspected
ADRs for sotorasib are 1095. As adagrasib has
been recently approved by the EMA and less
time available in EU countries, the reported
suspected ADRs are only 65. Grouped by system
organ class, the highest number reported sus-
pected ADRs were for gastrointestinal disorders
(sotorasib - 260; adagrasib - 22), hepatobiliary
disorders (sotorasib - 199; adagrasib - 3), general
disorders and administration site reactions
(sotorasib - 411; adagrasib - 26), nervous system
disorders (sotorasib - 48; adagrasib — 22) and
respiratory disorders (sotorasib —96; adagrasib -
11).

According to the website Drug.com as of
February 2024, the number of possible drug-
drug interactions is significant, with 471 drugs
known to interact with sotorasib as of the total
number of drug-drug interactions, 106 are
significant, 354 are moderate, and 11 are minor.
Significant interactions are related to: 1) the
moderate induction of CYP3A4 by sotorasib and
the change in plasma concentrations of drugs
that are substrates of this isoform; 2) the change
in its own concentrations when combined with
strong inducers of CYP3A4; and 3) its decreased
absorption when gastric pH is increased by
protoninhibitorsand H2-blockers.
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Cnopep Drug.com, B cpaBHeHMe CbC COTOpa-
316, MHOro MoBeyYe Ca Bb3MOXHUTE NeKapcT-
BEHW B3aMMOAENCTBUS 3a afarpacub: 3a 579
NneKapcTBa € U3BECTHO, Ye B3anMofencTBaT C
ajarpacmb KaTto OT obwusi 6po TeKapCTBEHU
B3ammopencTamsa, 321 ca 3Haummu, 256 ca yme-
peHn 1 2 ca He3HaunTenHW. TyK 3HaunmunTe B3a-
MMOJENCTBUA Ca BbB BPb3Ka C: 1) MHXMOULUMA Ha
CYP3A4 ot apgarpacvb 1 noBnunsBaHe Ha fiekap-
CTBa cybCTpaTy Ha Tasn n3odopma; 2) UHXNOK-
umA Ha P-gp n noBnuaBaHe Ha cybCcTpaT Ha Ta3u
ednykcHa nomna; 3) ymepeHa UHXMbMUMA Ha
CYP2D6 n CYP2C9 n noBnusiBaHe Ha cybcTpat
Ha Te3n m3odpopmu; 1 4) NpomsHaTa Ha COOCT-
BEHWTE My KOHLEHTpaLuMu, Korato ce Kombu-
HMpa cbC cunHM nHaykTopm Ha CYP3A4;

Mopaay Ta3um NnpuymMHa e He06XOAUMO Npeam
3anoyBaHe 1 Mo BpPeMe Ha JleyeHune CbC COTo-
pa3nb nnu agarpacmb6 ga 6bae NpeueHeHa Cb-
NbTCTBaLLATa Tepanna U CbOTBETHO NMPOMEHEHa
npu PUCK OT 3HaYVMK IeKapCTBEHN B3anMOAeN-
cTBUA.

PesncrentHoct Kbm KRAS G12C
UHXMbuTopuTe

MexaHn3munTe Ha pe3ncteHTHocT KbM KRAS
G12C VHXMOUTOPWTE BCE OLLE He Ca HAaMb/HO
NpoyyeHu, KaTo MbpPBOHAYaNHUTE JOKNaamM no-
Ka3BaT, ye Te3n MeXaHM3MU Ca CJIOXKHU, XeTe-
poreHHM 1 mMoraT fa ce NoABAT eAHOBPEMEHHO
Nno Bpeme Ha fieyeHuneTo. 3a pasnuka oT apyru
MuweHn Kato Hanpumep HAKPBO c EGFR
MyTaLuUn Npu KONTO efHa onpefeneHa myTauumsa -
T790M, e OTroBOpHa 3a OKOJIO MOJIOBMHATa OT
nporpecunTe cnep NevyeHne ¢ UHXNOGUTOPU OT
NbpBa 1U/unuv BTopa INHNA, TO Nporpecnnte cnes
neveHne c KRAS G12C uHXnbUTOPU Ce AbSXKaT Ha
eVH WM Ha HAKOJIKO KOMOUHMPaHN MeXaHWn3-
Ma, BKJIIOUUTENHO: NPULENHN MyTaLumu, 3acara-
WM CBBP3BALLOTO MSCTOTO Ha UHXUOWUTOPWUTE;
apyrun aktusmpawm KRAS myTtaumm; aktmsmnpaHe
Ha KAHOHUYHM NBTULLA Ype3 MyTaL MM NN aKTU-
BMPaHe Ha Bb3X0AALM U H13xoAALWM edeKTopn
M CbLUO TaKa akTMBMpaHe Ha HeMyTaHTHW RAS
nsodopmu. (27)

BsmpewHa unu nspsuyHa pesucmeHmHocm
Jlnncata Ha OTroBOp KbM TapreTHuUTe Tepanuu
MOXe [ia Ce AbJIKN OTHACTM Ha NpUCbLIaTa pe3un-
CTEHTHOCT Ha pakoBuUTe KNneTku. EgHa Bb3aMoXHa
npuynHa 3a nuncaTa Ha epukacHocT Ha KRAS
G12C nHxmMbUTOPUTE €, Ye He BCUUKYM KIEeTKM C
KRAS myTaummn 3aBMWCAT OT aKTUBMPAHETO Ha
KRAS 3a ga noggbp»aT CBOATa XMW3HeCNno-
cobHOCT. Singh 1 cbTp. OTKpUBAT Noarpyna ot
KNeTbYHU JIMHUM KOUTO NoAabprkaT cBoATa
MKMN3HECNOCOBHOCT BbNpeKkn abnaumaTta Ha my-
TaHTHUA KRAS npoTenH. B gonbnHeHne, akTnBm-
paHeTo Ha ABaTa OCHOBHY edeKTopa Hafony no
BepuraTa (ERK n AKT) He e noTucHaTo cnep 6no-
KnpaHeto Ha KRAS.(28) AnTepHaTMBHOTO aKTu-
BUpaHe Ha NbTA Ha PIK3-AKT moxe ga ce obnxu
Ha oHKoreHHn myTauum B AKT1, AKT2, PIK3CA
unn PTEN He3aBucmmo oT cTaTyca Ha KRAS.(28)
YcunuaTa 3a uHxnbmpaHe Ha nbta RAS-RAF-MEK
B Apyrv BUAoOBe TYMOpU ca MoOKaszanu, ye

According to Drug.com, there are more
possible drug-drug interactions for adagrasib
compared to sotorasib: 579 medications are
known to interact with adagrasib as of the total
number of drug-drug interactions, 321 are
significant, 256 are moderate, and 2 are minor.
Here, the significantinteractions are related to: 1)
inhibition of CYP3A4 by adagrasib and the
influence of drug substrates of this isoform; 2)
inhibition of P-gp and affecting substrates of this
efflux pump; 3) moderate inhibition of CYP2D6
and CYP2C9 and affecting substrates of these
isoforms; and 4) the alteration of its own
concentrations when combined with strong
inducersof CYP3A4;

Because of this, prior to initiation and during
treatment with sotorasib or adagrasib, conco-
mitant therapy should be assessed and modified
accordingly if there is a risk of significant drug-
druginteractions.

Resistanceto KRAS G12Cinhibitors

The mechanisms of resistance to KRAS G12C
inhibitors are not yet fully understood, with
initial reports suggesting that these mechanisms
are complex, heterogeneous, and may occur
simultaneously during treatment. Unlikely other
targets such as NSCLC with EGFR mutations, in
which one particular mutation T790M is respon-
sible for about half of the progressions after
treatment with first- and/or second-line EGFR
inhibitors, the progressions after treatment with
KRAS G12C inhibitors are due to one or several
combined mechanisms, including: target muta-
tions affecting the inhibitor binding site; other
activating KRAS mutations; activation of cano-
nical pathways by mutations or activation of
upstream and downstream effectors and also
activation of non-mutant RAS isoforms. (27)

Intrinsic or Primary Resistance Lack of respon-
setotargeted therapies may beduein parttothe
inherent resistance of cancer cells. One possible
reason for the lack of efficacy of KRAS G12C
inhibitorsis thatnotall cells with KRAS mutations
depend on KRAS activation to maintain their
viability. Singh et al. found a subset of cell lines
that maintained their viability despite ablation of
the mutant KRAS protein. In addition, the acti-
vation of the two major downstream effectors
(ERK and AKT) was not suppressed after KRAS
blockade. (28) Alternative activation of the PIK3-
AKT pathway can be due to oncogenic muta-
tions in AKT1, AKT2, PIK3CA or PTEN indepen-
dently of KRAS status. (28) Efforts to inhibit the
RAS-RAF-MEK pathway in other tumor types
have shown that a major mechanism of resis-
tance is adaptive feedback resistance, in which
loss of signaling downstream of the blocked
mutant target leads to reactivation of RTK-



OCHOBEH MEeXaHV3bM Ha Pe3nNCTEeHTHOCT € CbIl-
POTUBNEHNETO Ha afjanTMBHA obpaTHa BPb3Ka,
npu KoeTto 3arybaTta Ha cUrHanmMsmpaHe Hagony
Mo BepuraTa oT 6/10KMpaHaTa MyTaHTHA MULLEHA
BOAW OO peaKkTMBMPaAHE Ha CUrHanmM3upaHe,
meaunpaHo ot RTK upes aus tmn RAS n RAF.(29)
Ta3n ycToMuYMBOCT Ha ajanTuBHaTa obpaTHa
BPb3Ka e oLieHeHa B nHxmbmnpanu ot KRAS G12C
KNeTbYyHN NUHMN 4pe3 manonssaHe Ha KRAS
G12C nHxnbrTOopK, KaTo Ce yCTaHOBABa ObP30 1
nocniefjoBaTefIHO peakTUBMPaAHE Ha CUTHanu-
3MpPaHeTo Ype3 NOBTOPHO akTUBMpaHe Ha ERK n
RSK Hapgony no Bepwvrata B JOMbAHEHME KbM MO-
BMLLABaHe Ha HMBATa Ha akTUBHU GTP-cBbp3aHmu
NRAS 1 HRAS aus Tun. Cblio Taka ce Habnona-
BaT nosuweHn EGFR, HER2, FGFR 1 cMET, koeTo
npegnonara, ye aktmsmpaHeto Ha RTKHarope no
BepuraTa e eauH OT KpUTUYHUTE MeXaHM3MN Ha
pe3ncTeHTHOCT Ha KRAS G12C mHxubutopuTe.
(29) B ppyro npoyuyBaHe, HAaCOYEHO KbM XeTe-
pPOreHHOCTTa Ha NMbpBOHaYaNHUA OTrOBOP B
MyTaHTHUTe pakoBu knetkn ¢ KRAS G12C npwu
HAOKBAP, Xue n cbTp. onuceat, ye TymopHuUTe
KNeTK/ MbpBOHaYasHO Npremat CbCToAHKE Ha
MOKOW, B KOETO HAKOW KNEeTKU YMUPaT, a Jpyru
KNeTKW we nsberHaT MHXMOUPAHETO Ype3 ChH-
Te3a Ha HoB KRAS G12C, KoiTo 6bp30 NpemMuHa-
Ba B CBOETO aKTUBHO CbCTOAHME Mopagn CTu-
My Harope Mo Bepwurata, MegUUpaHu OT pe-
uenTopa Ha enuTteneH pactexeH daktop (EGFR)
n AuroraKinase A (AURKA).(30)

MexaHu3mu Ha npudobuma pe3ucmeHMHOCM
KaKTo e N3BeCTHO, BCMYKM NaLNeHTK, IeKyBaHU C
TapreTHV Tepanuu, B KpaliHa cMeTKa nporpecu-
paT. B HAKou cnyyam, nporpecmaTa HacTbhBa
crefl MbpBOHayaneH OTroBOp KaTo CliefiCTBME Ha
npugobuta pe3ncTeHTHOCT, 3afieiCTBaHa OT ce-
NEKTUBHUSA HAaTUCK Ha TapreTHuUTe Tepanuu. Mpu-
fobuTaTta pe3nCTeHTHOCT ce aedurHMpa KaTto
nporpecus Ha 3abonsaBaHeTo cneq 12 ceamnum
Ha CcTabunHo 3abonABaHe UMW Cref YacTUYeH
W MbJIEH OTIOBOP.

On-target mexaHu3mu. OCHOBEH MeXaHU3bM
Ha npuLenHa Pe3nCTeHTHOCT KbM KUHA3HU WH-
XMbuTopm e NpuaobuBaHETo Ha MyTaLMK B KIlto-
YOBW PErMOHY B ApaiiBbp NPOTENHA, KOETO Bb3-
NpenATCTBa afieKBaTHOTO CBbP3BaHe Ha NeKap-
CTBOTO 1 NpULENHOTO NHXMbMpaHe. B npeaknu-
HUYHO NpoyyBaHe, upes nsnaraHe Ha KRAS G12C
MyTaHTHU Ba/F3 kneTtku Ha cotopacnb 1 agarpa-
cnb ca ngeHtnduympann 142 npugobutu pesnc-
TEHTHM KOHa, OoT KouTo 124 (87%) cbabprkat
BTopnyHN KRAS myTtaumm (Y96D, A59T, A59S,
R68M, R68M, M721 , V8E, G13D, Q61L, Q99L n
H358). MyTaumATta YO6D Bb3HMKBa B MACTOTO 3a
CBbp3BaHe Ha CoTopa3mb n agarpacunb, Koeto
BOAW [0 PE3UCTEHTHOCT KbM [BaTa UHXUOU-
Topa.(31) MNpoyusaHe npw 38 naumeHTn (27 ¢
HOKPB[), yuacteanu B KRYSTAL-1 n npugobunu
PEe3NCTeHTHOCT, uaeHTuduMLmMpa MexaHu3MmTe
Ha pe3nCTeHTHOCT nNpu 17 (45%), cboTBeTHO 10
(26%) naumerTta c HAKPB. Mpwn yetnprma naym-
eHtn ¢ HOKPB[ ca naeHTUGUUMPaHN TapreTHK
MeXaH13MU, BKIIOUNTENIHO NPUAoOuTY BTOPUY-
Hu KRAS myTaumu, cBbp3aHu cbe switch Il 3oHaTa

mediated signaling by wild-type RAS and RAF.
(29) This resistance to adaptive feedback was
assessed in KRAS G12C-inhibited cell lines using
KRAS G12C inhibitors, finding a rapid and con-
sistent reactivation of signaling through reacti-
vation of downstream ERK and RSK in addition to
an increase in active GTP levels -related NRAS
and HRAS wild type. EGFR, HER2, FGFR and cMET
were also increased, suggesting that activation
of upstream RTKs is one of the critical mecha-
nisms of resistance to KRAS G12C inhibitors. (29)
In another study addressing the heterogeneity
of the initial response in KRAS G12C mutant
cancer cells in NSCLC, Xue et al. described that
tumor cells initially adopt a quiescent state in
which some cells die and other cells will escape
inhibition by the synthesis of new KRAS G12C,
which rapidly switches to its active state due to
upstream incentives mediated by the epithelial
growth factor receptor (EGFR) and Aurora Kinase
A (AURKA).(30)

Acquired resistance mechanisms. As is known,
all patients treated with targeted therapies will
have disease progression. In some cases, the
progression occurs after an initial response as a
consequence of acquired resistance triggered by
the selective pressure of targeted therapies.
Acquired resistance is defined as disease pro-
gression after 12 weeks of stable disease or after
partial or complete response.

On-target mechanisms. A major mechanism
of on-target resistance to kinase inhibitors is the
acquisition of mutations in key regions in the
driver protein that prevent adequate drug
binding and on-target inhibition. In a preclinical
study, exposure of KRAS G12C mutant Ba/F3 cells
to sotorasib and adagrasib identified 142 acqui-
red resistant clones, of which 124 (87%) harbo-
red secondary KRAS mutations (Y96D, A59T,
A59S, R68M, R68M, M721, VBE , G13D, Q61L,
Q99L and H358). The Y96D mutation occurs in
the binding site of sotorasib and adagrasib, lea-
ding to resistance to both inhibitors. (31) A study
of 38 patients (27 with NSCLC) who participated
in KRYSTAL-1 and acquired resistance the identi-
fied mechanisms of resistance were in 17 (45%)
and 10 (26%) NSCLC patients, respectively. In
four patients with NSCLC, targetable mecha-
nisms were identified, including acquired secon-
dary KRAS mutations associated with the switch
Il region to which KRAS inhibitors bind, Y96C,
R86S, and H95D mutations. In addition to acqui-
red KRAS activation mutations other than G12C,
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KbM KoATo ce cBbp3BaT KRAS mHxmnbutopute,
Y96C, R86S, n H95D myTtaumn. B ponbnHeHne
KbM Npugoomutoto aktmsmpaHe Ha KRAS myTa-
uum, pasnnyam ot G12C, BknuutenHo G12D,
G12V 1 G12W, ca OTKpUTM CaMOCTOATENHO NN
CHMBTCTBALLO NpUAo6UTN MyTauum Ha switch I
30HaTa. Ta3u CNoXKHa Pe3nNCTeHTHOCT MOKa3Ba,
ye HAKOW KJeTbUYHM KNOHOBE MoraT Aa npuaobu-
AT PE3UCTEHTHOCT Ype3 Bb3NpenATcTBaHe Ha
CBbpP3BaHETO Ha NIeKapCTBOTO B KNEeTKUTE C
KRASG12C myTauuma, fokaTto apyru npugobrsat
MyTaLuKW, KOUTO He ca TapreTHM 3a cneundruHmn
G12C nHxmnbuTopn. Cblo Taka e naeHTuPuUn-
paHo TapreTHoTo ycunBaHe B anena KRASG12C
KaTo He3aBUCMM MeXaHN3bM Ha Pe3nNCTEHTHOCT,
KaKTo e HabnogaBaHO Npesy ToBa C KPU3OTUHNG
npu HOKPB ¢ ALK-npeHapexaaHe. (32) TaHaka
N CBTP OMMUCBAT MHOXECTBO CbMbTCTBALLM MeXa-
HM3MU Ha NPULOOUTa PE3UCTEHTHOCT NPW Nauu-
€HT, NeKyBaH C afarpacmb, BK/OUMTENIHO ABe
KRAS aktusumpawm mytaumm (G12D n G12D) B
TpaHc 1 Y96D myTauus, 3acarawa switch Il 30-
HaTa. (33) OcTaTbKbT Y96 € KpnTunueH npu obpa-
3yBaHETO Ha BOLOPOAHM BPb3KY CbC COTOPa3nd
n apgarpacu6; myTtaumaTta Y96D paspylwaBa
BPb3KUTE C agarpacund n cotopasnb. Knetknte ¢
ase myTtaumm KRASG12C/Y96D ca pe3ncTeHTHM
KbM opobpeHute KRAS G12C mnnHxunbutopu, a
apyrn mytaumm kato R68S n H95D, kouto
npupaBaT pPe3nCcTEHTHOCT KbM agarpacub,
OCTaBaT YyBCTBUTENIHN KbM cOTOpa3mb. (32,33)
ToBa nogkpensa ynotpebata Ha coTopa3nb B
onpefeneHn KNNHUYHW CUTYaLun KaTo pesnc-
TEHTHOCT KbM agarpacub. lMNpuuenHute mexa-
HU3MKN BKJIIOYBAT HOBWU Npugobmutn mytauuun B
KJTIOYOBYM yyacTbuu, BKAUMTENHO Y96, H95 un
R68, Kouto AnpeKTHO 3acaraT switch Il 3oHaTa,
Bb3npenaTcTBaikyn KRAS G12C uHxunbutopute
[la ce CBbP3BaT aJIOCTEPMYUHO: NpuaoOrBaHe Ha
aKkTMBMpalLy MyTauum, pasnuyHm ot KRAS G12C,
Bb3HUKBaLWLKM B AnemA Tun KRAS anen (B TpaHc) n
KRAS G12Camnnudurkayus.

Off-target mexaHu3mu. OnNMcaHN ca 1 xapak-
Tepu3MpaHy MexaHM3MUTEe Ha PEe3UCTEHTHOCT,
AbKalm ce Ha 6MONOrMYHN NPOMEHU, HE3aBU-
cMMKM OT MHXMbupaHeTo Ha KRAS G12C. KakTo e
n3BecTHo, GTP-cBbp3aHmAT KRAS akTnBMpa ABa
ocHoBHU nbTa, BRAF-MEK-ERK n PI3K-AKT-
mTOR. B npepknuHnyHuTe ycnosus, Suzuki un
cbTp. n3nara mytaHTHM KRAS G12C knetkn Ha
coTopasunb, oTkpmBanku MET amnnndukauymm B
pPe3nCTeHTHUTE KNEeTKU. 3@ MOo-HaTaTbLHO MOT-
BbprKAaBaHe Ha TOBa KaTO MEXaHN3MU Ha pe3uc-
TEHTHOCT, Te MOKa3BaT, Ye cfief MHXubrpaHe Ha
MET c nomowyta Ha siRNA, KneTknute Bb3CTaHO-
BABAT YYBCTBUTENIHOCTTA CM KbM cOTOpasnb. He-
Lo noseye, Te oTKpmBaTt, ye MET amnnunduumpa-
HUTE KNeTKM MMaT No-BUCOKM HM1Ba Ha GTP-cebp-
3aH (akTuBeH) RAS, rnaBHo B pyru nsodpopmu
kato NRAS, koeto npegnonara, ye MET amnnu-
dMKaumusTa MoXe Aa npupage pPes3viCTeEHTHOCT
ype3s peaktmBupaHe Ha RAS-BRAF-MEK-ERK nbTa
ypes ANPEKTHO aKTMBMpPaHe Ha apyru RAS n3o-
dopmn.(34) NMopobHo Ha MET amnnudurKaumsTa,
akTuBupaHeTo Ha RET KnHa3eH fomenH Bogmn oo

including G12D, G12V, and G12W, alone or con-
comitantly acquired mutations of the switch Il
region have been found. This complex resistance
indicates that some cell clones can acquire resis-
tance by preventing drug binding in the cells
with a KRASG12C mutation, while others acquire
mutations that are not targeted by specific G12C
inhibitors. Targeted gain in the KRASG12C allele
has also been identified as an independent
mechanism of resistance, as previously observed
with crizotinib in ALK-rearranged NSCLC. (32)
Tanaka et al described multiple concomitant
mechanisms of acquired resistance in a patient
treated with adagrasib, including two KRAS
activating mutations (G12D and G12D) in trans
and a Y96D mutation affecting the switch I
region. (33) The Y96 residue is critical in the
formation of hydrogen bonds with sotorasib and
adagrasib; the Y96D mutation disrupts the
binding to adagrasib and sotorasib. Cells with
two KRASG12C/Y96D mutations are resistant to
approved KRAS G12C inhibitors, and other
mutations such as R68S and H95D, which confer
resistance to adagrasib, remain sensitive to soto-
rasib. (32,33) This supports the use of sotorasib
in certain clinical situations such as adagrasib
resistance. Targeting mechanisms include newly
acquired mutations in key regions, including
Y96, H95, and R68, that directly affect the switch
Il region, preventing KRAS G12C inhibitors from
binding allosterically: acquisition of activating
mutations other than KRAS G12C occurring in
the wild-type KRAS allele (in trans) and KRAS
G12Camplification.

Off-target mechanisms. Mechanisms of resis-
tance due to biological changes independent of
KRAS G12C inhibition have been described and
characterized. GTP-bound KRAS is known to
activate two major pathways, BRAF-MEK-ERK
and PI3K-AKT-mTOR. In the preclinical setting,
Suzuki et al. exposed mutant KRAS G12C cells to
sotorasib, finding MET amplifications in the resis-
tant cells. To further confirm these as mecha-
nisms of resistance, they showed that after MET
inhibition using siRNA, cells regained their sensi-
tivity to sotorasib. Moreover, they found that
MET amplified cells had higher levels of GTP-
bound (active) RAS, mainly in other isoforms
such as NRAS, suggesting that MET amplification
may confer resistance by reactivating RAS-BRAF-
MEK- the ERK pathway by directly activating
other RAS isoforms. (34) Similar to MET amplifi-
cation, RET kinase domain activation leads to
oncogenic signaling of the BRAF-MEK-ERK, PI3K-
AKT-mTOR and JNKs pathways, favoring cell
survival and proliferation. RET rearrangements
are found in 1%-2% of all NSCLCs. (35) Fusions



OHKOreHHO curHanusnpaHe Ha BRAF-MEK-ERK,
PISK-AKT-mTOR un JNKs nbTuwa, 6naronpuat-
CTBalKM KNETbYHOTO ouefisiBaHe u nponude-
pauus. MNMpeHapexpaHna B RET ce oTkpusaTt B
1%-2% ot Bcnuku HAKPB. (35) CnvBaHuA ca
OTKPUTW MPW PEe3NCTEHTHOCT KbM agarpacué
kato EML4-ALK n FGFR3-TACC3, 3a kKouto e
N3BECTHO, Ye Ce TPAHC/IMPAT B OHKOIeHHM CleTn
NPOTENHW.

leHuTe oT cemencTBoto Ha RAS kopgupat
yetnpu npotenHa (KRAS4A, KRAS4B, HRAS un
NRAS), kato KRAS e Hamn-yecto myTmpanarta
nsodopma npu HAKPB[ (20-40%). MyTayumute B
NRAS ca pegku npu 103u TMn Tymop. Bbnpekn
TOBa, TpW pasnuyHu aktusrpawm NRAS mytayum
(NRAS Q61L, NRAS Q61R, NRAS Q61K) ca
OnucaHun NPV eiH NaureHT, KOeTo npeanonara,
ye MOSIMKIOHANHOTO akTUBMpaHe Ha apyrn RAS
n3odopmum MoOXe fla rpae KtyoBa pons B Npu-
nobrBaHeTO Ha pe3ncTeHTHOCT KbM KRASG12C
nHxnbuTopuTe. (33) B gonbnHeHre KbM Napa-
nenHoTo 6annacHo akTMBUPaHe, APYr FeHOMHN
npomeHu B epeKTOpUTE HaZjoNy MO BEpuraTa Ha
KRAS npupaBaT pe3nCTeHTHOCT KbM UHXMOU-
Topute Ha KRAS G12C, Hanpumep TOUYKOBM
MyTauuu 1 geneunn B edpeKTopute Ha MbTA Ha
MAPK, mytauum Ha MAP2K1 (MAP2K1 K57N,
MAP2K1 Q56P n npse MAP2K1 E102_103del),
BRAF V600E Bogewa mytauma. (32) U Hakpas,
XUCTONOrMYHa TpaHchOopMaLma Bb3HMKBa U Npu
KRAS G12C myTaHTHMA 6enofpobeH afieHoKap-
LMHOM, KbM MJIOCKOKNETbYEH KAapUMHOM KaTo
MeXaHM3bM Ha Pe3MCTEHTHOCT KbM afdarpacuo.
(32)

Kom6uHupaHo npunoxeHue Ha KRASG12C
MHXU6MTOPU CMMYHOTEepanus

B KoHTeKcTa Ha nHxnbutopute Ha KRAS G12C,
NpefKNMHNUYHUTE MPOYYBaAHMA MOKa3BaT, ye
coTOopasuno, 1 agarpacnbd Mmat NoBULLIEHA aHTU-
TYMOPHa epUKaCHOCT, KOraTo ce KOMOUHMPAT C
aHTN-PD-1/PD-L1 Tepanus.(8) O6paTHO, BbMpe-
KW Yye MOHOTepanuATa CbC COTOpasnb unu ¢
aHTK-PD-1 Boam fo mbnHa perpecus Ha Tymopa
caMo Mpuv efHa OT JeceT MULIKM 3a BCAKa OT
Tepanuute; KOMOMHUPAHOTO NleyeHne NocTura
Mb/IeH Y NPOABIKMTENEH OTTOBOP NPU AeBET OT
necet CT-26 KRASG12C muwwikm (36), Kato oTro-
BOPBbT Npoab/mkaea 112 gHu cnep cnnpaHeTo Ha
nevyeHveto. BnocnencTene, MULLKK, KOUTO ca
6UnNn n3neKyBaHM Cbe cotopasnb naHtn-PD-1ca
66UV NOBTOPHO 3apa3eHy C TYMOPEH VHOKYNYM,
He ca nokasanu pa3BuTme Ha Tymopa.(36) B
CbOTBETCTBME C Te3U HabnwgeHus, Kombu-
HMPaHOTO fleyeHne Ha agarpacmb n aHTu-PD-1
AEMOHCTpYpPa MbleH U NPOABIIKUTENIEH OTrO-
BOp in vivo 6e3 NMOBTOpeH pacTeXxk Ha Tymopa
cnep MHOKynaumsa Ha TYMOPHU KNeTKU U NoBu-
weHa PFS B KRAS G12C reHeTnyHO moamndu-
LUMpaHy MULIN MOJENY, B CPaBHEHME C MOHOTe-
panusa. (37) Bb3 ocHoBa Ha Te3n NpeaknMHUYHN
pe3ynTaT B MOMEHTa Ce MPOBEXAaT HAKONKO
KNVUHNYHU U3NUTBaAHWUA, oueHABaWmM aHTu-PD-
1/PD-L1 cbc cotopacu6 (NCT04185883, NCT036
00883) 1 c aparpacn6 (NCT03785249, NCT0461
3596).(8)

have been found in adagrasib resistance such as
EML4-ALK and FGFR3-TACC3, which are known
to betranslated into oncogenic fusion proteins.

The RAS family genes encode four proteins
(KRAS4A, KRAS4B, HRAS and NRAS), with KRAS
being the most commonly mutated isoform in
NSCLC (20-40%). Mutations in NRAS are rare in
this tumor type. However, three different activa-
ting NRAS mutations (NRAS Q61L, NRAS Q61R,
NRAS Q61K) have been described in one patient,
suggesting that polyclonal activation of other
RAS isoforms may play a key role in the acquisi-
tion of resistance to KRASG12C inhibitors. (33) In
addition to parallel bypass activation, other ge-
nomic alterations in KRAS downstream effectors
confer resistance to KRAS G12C inhibitors, for
example point mutations and deletions in MAPK
pathway effectors, MAP2K1 mutations (MAP2K1
K57N, MAP2K1 Q56P and two MAP2K1
E102_103del), BRAF V600E leading mutation.
(32) Finally, histological transformation also
occurs in KRAS G12C mutant lung adenocar-
cinoma to squamous cell carcinoma as a mecha-
nism of resistance to adagrasib. (32)

Combined administration of KRASG12C
inhibitors withimmunotherapy

In the context of KRAS G12C inhibitors,
preclinical studies have shown that sotorasib
and adagrasib have enhanced antitumor effica-
cy when combined with anti-PD-1/PD-L1 thera-
py. Conversely, although monotherapy with
either sotorasib or anti-PD-1 resulted in com-
plete tumor regression in only one out of ten
mice for each treatment; the combination treat-
ment achieved a complete and sustained res-
ponse in nine out of ten CT-26 KRASG12C mice,
(36) with the response lasting 112 days after
stopping treatment. Subsequently, mice that
had been treated with sotorasib and anti-PD-1
rechallenged with tumor inoculum showed no
tumor development. (36) Consistent with these
observations, combination treatment of adagra-
sib and anti-PD-1 demonstrated a complete and
sustained response in vivo without tumor reg-
rowth after tumor cell inoculation and increased
PFS in KRAS G12C genetically modified mouse
models, compared to monotherapy. (37) Based
on these preclinical results, several clinical trials
evaluating anti-PD-1/PD-L1 with sotorasib (NCT
04185883, NCT03600883) and with adagrasib
(NCT03785249, NCT04613596) are currently
ongoing.(8)
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Anckycna

JleyeHneto Ha HOKPB[L ocTtaBa cepunosHo
npean3BrKaTencTBo npepg nekapute. Ogobpe-
HUTE 1 BbBEAEHW B KNTMHMYHATA NPaKTMKa ca ABa
MeavKaMeHTa — coTopasnb 1 agarpacub, 3a Tap-
reTHo neyeHue Ha HOKPB[ c notBbpaeHa myTa-
unst KRAS G12C nokasBat gobpa epeKTUBHOCT U
npodwn Ha 6e3onacHocT. Mopaau ronemus 6pon
Ha NOTeHUUWanH1 nekapCTBeHV B3aMMOAEeNCTBIA
C ApYyrvi MeAnKameHTu, NekapuTte TpabBa ga npe-
LuM3MpaT CbNbTCTBALLATa Tepanua Ha MnauueH-
TUTe Npeay 3anoyBaHe 1 Mo BPeMe Ha JieyeHue-
TO CbC coTOpa3mnb u apgarpacunb. CeprosHo npe-
AV3BMKATENICTBO € Pa3BUTUETO Ha Pe3UCTEHT-
HOCT KbM TepanuaTa. OuakBart ce pe3yntatute ot
KIMHWYHM NPOYYBaHMA 3a KOMOUHMPAHETO Ha
KRAS nHxmbutopuTte C MMyHOTEpPanus, KOeTo ce
OYaKBa fa MoBuMWM epeKTUBHOCTTA Ha Jeye-
HUeTo.

W3non3BaHu CbKpalleHna n cumeonu:

Henpe6HokneTbyeH pak Ha benna Apob
(BeTOBHA 37paBHa OpraHn3auua
AamuHncTpauma no xpaxuTe u nekapcraara Ha CALL
EBponelicka areHuua no nexkapcreata
PewienTopHa TMpo3uH KnHa3a

06142 npexxuBaeMocT

(06eKTMBEH 0TTOBOP

[TbneH otroBop

YacTnyeH otroBop

[TpogbmKMTENHOCT Ha 0TrOBOpA

(TeneH Ha KOHTPON Ha 3a60/1BaHETO
[pexuBaemoct 6e3 3abonapate
MpexuBaemoct 6e3 nporpecusa
[loBepuTeneH MHTEpBanN

He e u3cnenBao

He e joknagBaHo

lporpecupaliio 3a6onaBaHe
(apmaKoKnHeTUKa

(apHakoAnHaMuKa

HexxenaHu nekapcTBeHn peakuum
(apkom npu nibx

BupyceH oHKoreHeH xomonor Ha capkoma
Ha Kirsten npu nibx

BupyceH oHKoreH Ha capkoma Ha Harvey npu nibx
Hepo6nactom RAS BUpyceH OHKOTeHeH XoMosnor
[yaHo3uH andocdar

[yaHo3uH Tpudocdat

WNHTEpCcTULManHa 6enofpobHa bonect
Hexenanu peakumu

TupO31H KIHa3HM UHXMOUTOPY

KpaTka xapakTepucTika Ha npojlyKTa

Discussion

The treatment of NSCLC remains a serious
challenge for physicians. Two drugs — sotorasib
and adagrasib — have been approved and intro-
duced into clinical practice for the targeted
treatment of NSCLC with a confirmed KRAS G12C
mutation, showing a good efficacy and safety
profile. Due to the large number of potential
drug interactions with other medications, physi-
cians should specify the concomitant therapy of
patients before starting and during treatment
with sotorasib and adagrasib. A serious challen-
ge is the development of resistance to therapy.
The results of clinical trials on the combination of
KRAS inhibitors with immunotherapy are awai-
ted, which is expected to increase the effective-
ness of the treatment.

Abbreviations and symbols used:

Non-small cell lung cancer
World health organization
U.S. Food and Drug Administration
European Medicines Agency
Receptor tyrosine kinase
Overall survival

Objective response rate
Complete response

Partial response

Duration of response
Disease control rate

Disease free survival
Progression-free survival
Confidence interval

Not evaluated

Not reported

Progressive disease
Pharmacokinetics
Pharmacodynamics
Adverse drug reactions

Rat sarcoma

Kirsten rat sarcoma viral oncogene homolog

Harvey rat sarcoma virus oncogene
Neuroblastoma RAS viral oncogene homolog
Guanosine diphosphate

Guanosine trihosphate

Interstitial Lung Disease

Adverse reactions

Tyrosine kinase inhibitors

Short product characteristics
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TPOMBOOWITAN B KOHTEKCTA HA BTE

C.HanpeHcka

KaTtegpa "lMponeneBTrKa Ha BbTpeLwwHUTe 6onectu',
YMBAJ, AnekcaHgpoBcka', MegnumHckm dakynter,
MepnumHckn yHusepcutet - Codua

Pesiome

BeHO3HUAT TpomboemboNM3bM € TPETOTO MO YecToTa CbpAeYHO-CbAOBO 3abonABaHe cneq
MUoKapaHUA MHGaPKT 1 MO3bUYHMA MHCYNT. Tol 06xBalLa ABE Pa3NNUHU KNTMHUYHW egUHULN: fbnboKaTa
BEHO3Ha Tpombo3a ([BT) u 6enogpobHata embonus (BE). MaToreHe3aTa Ha BTE e noctynupaHa ot
TpuagaTta Ha BrpxoB M BKMloYBa BEHO3Ha CTa3a, yBpeXKAaHe Ha CbAOBUA eHAOTeN U MoBMLLEHA
CbCMpBaeMOCT. HacneacTBeHaTa uav nprugobuta TPOMOOGUANA U XUMNepKoarynauMoHeH CTaTyc,
ObKall ce Ha KapUMHOM, MPUeM Ha eCTPOoreHu, aBTOMMYHHY 3ab0aBaHus, rofiemu no obem onepawmu,
ob6e3aBMKBaHe UM TpaBMa ca fobpe no3HaTy puckoBu pakTopm 3a BTE. HacneacteeHaTa Tpombodunus
npeAcTaBnfABa reHeTUYHA NPeancno3numusa KbM Tpomboembonua 1 Mmoxe Aa Obae B pesyntaT Ha
MOHOFEeHHO WMV NOSIMreHHO HapyuweHne. CKNOHHOCTa KbM 06pa3yBaHeTO Ha TPOMOO3M Bb3HMKBa B
pe3ynTaT Ha AncbanaHc Mexkay NPOKoarynaHTHUTE U aHTUKOAryTaHTHUTE KOMIMOHEHTU Ha KoarynauyoH-
HaTa Kackafa. KnmHnuHo m3ABeHaTa BTE e B pe3yntaT OT C/IOKHOTO B3aMMOAENCTBME KaKTO Ha
reHeTMYHM, Taka U Ha GaKTOpPU Ha OKOMHaTa cpepfa, MOBAMABALM KoarynauvaTa, Bb3nanuTenHus
MPOKOArynaHT, aHTUKoarynaHTa u GubpuHoNMTUYHaTa CCTeMa, BOZELLM A0 NMOBULIEHA CbCMPBAEMOCT,
HamaneHa pnubpuHonIM3a U 1 gBeTe.

KniouoBu gymmn: BeHo3eH Tpomboembonnsbm, benofpobHa embonua, Tpombodunma, prckosu
daKTOopK, reHeTNYHA NPeANCOo3nLMSA, XUMNepKoaryaunoHeH cTaTyc.



THROMBOPHILIA IN THE CONTEXT OF VTE

S. Naydenska
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Abstract

Venous thromboembolism (VTE) is the third most common cardiovascular disorder after
myocardial infarction and stroke. VTE encompasses two distinct clinical entities: deep vein thrombosis
(DVT) and pulmonary embolism (PE). The pathogenesis was postulated by the Virchow's triad that
includes venous stasis, endothelial injury and hypercoagulable state. Inherited or acquired
thrombophilis and hypercoaguagulable state due to carcinoma, estrogen intake, autoimmune diseases,
large volume operations, immobilization or trauma are well-known risk factors for VTE. Inheredited
thrombophilia represents a genetic predisposition to thromboembolism and can be the result of a
monogenic or polygenic abnormality. The tendency of thrombophilic state occurs as a result of an
imbalance between the procoagulant and anticoagulant components of the coagulation system. The
clinical manifestation of VTE results from the complex interaction of genetic and environmental factors
that affect coagulation, the procoagulant and anticoagulant components, and the fibrinolytic system,
leading to increased coagulability, reduced fibrinolysis, or both.

Keywords: venous thromboembolism, pulmonary embolism, thrombophilia, risk factors, genetic
predisposition, hypercoagulable state
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TepMUHBT, TPpOMOOGMNNA" € BbBEEH 3a Mbp-
BV NMbT OT Erebepr npe3 1965 r. v 3pa3siBa BCAKO
pPa3CTPOWNCTBO, CBbP3AHO C aHTMKOArynaHTeH
MEXaHV3bM, NpPean3BrKBaLY NMOBULIEHA CKJIOH-
HOCT KbM BeHO3Ha Tpomboembonusi, ObnbokKa
BEHO3Ha Tpombo3a nnn benogpobHa embonusa
(1). Tow BKNOYBa peauLa CbCTOAHMA C MOBULLEH
PUCK OT 06pa3yBaHe Ha KPbBHU CbCUPELIM B Cb-
foseTte. TpombodunuaTa moxe ga 6vae Bpoae-
Ha unu npuaoburTa 1N BCUYKM CUMNTOMI 3aBUCAT
OT MeCTOMOJIOKEHNETO 1 CTeNeHTa Ha TPOM603a
(2).

BpopeHaTa (HacneactBeHa) Tpombodunus
BK/IOUBA pefuLa BPOLEHU 1 NO-4ecTo Hacnea-
CTBEHW aHOManuu, a nNpugobuTata TpomoboPu-
NNs ce OTHACA [0 BCUMYKY Cllyyan, KOUTO ce Mnos-
BABAT MNO-KbCHO B XMUBOTA. [py HacneacTBeHaTa
TpomMOOGUNMA NaLMeHTHTE NOMyYaBaT No-paHo
NbpBMA eMOONMYEH enn3od B CpaBHeEHUE C
obuiata nonynauus. B gonbaHeHWe, MHOTO Knu-
HUYHW NPOSIBM Ha HacleAcTBEHaTa TPoMbopu-
NNA ca CBbP3aHW C YCNIOKHEHNA Ha GpeMeHHOCT-
Ta KaTo MOBTapALLYM Ce CNOoHTaHHK abopTu, npe-
eknamncun, 3abaBsaHe Ha pacTexa Ha eHfjoMme-
Tpuyma n HELLP cungpom (3).

TpomboembonunuHuTe 3ab6onsABaHWA ca Boae-
La NpryriHa 3a 3aboneBaemMocT 1 CMbPTHOCT C
HapacTBalla roguillHa YecToTa 1 TOBa v Npasu
BaKeH coumarneH npobnem (4).

BpoaeHu Tpom6odunum ca:

- aednUNT Ha aHTUTPOMOWH III;

- nednunt Ha npoTenH C;

- pedrunT Ha NpPoTenHS;

- MyTaums Ha dakTopV;

- NPOTPOMOMHOBA reHHa My TaLus;

- XNePXoMoLUCTENHEMUS;

- BUCOKM HUBa Ha pakTopute VIII, IX, XI;

- edpuUUNT Ha NIA3MUHOTEH U TbKaHEH Mas-
MWHOTFeHOB aKTUBATOP;

- anucoubprHOreHemMnm.

Oedunuynt Ha aHTUTPOMOGUMH I

AHTUTPOMOWH lIl € eCTECTBEH aHTMKOAryNaHT,
Hamupall, ce HOpPMaJiHO B KPbBTa U € OnucaH
npe3 1965 r. ot Egeberg (5). Tolh € HaN-MOLWHUAT
AHTUTPOMOUHOB MHXMBKTOP (aHTU-1I-a), HO Ma n
aHTK-X-a gencTeue. XenapuHbT, CBbP3BaniKu ce C
aHTMTPOMOUH llI, yBennyaBa xmnagoKpaTHo ToBa
WHXNOMPALLO AeNCcTBYE, KaTo HedpaKLOoHUpa-
HUAT XenapuH nMa NpeanuMHo aHTu-ll-a, a H1CKo-
MOJIEKYNIAPHUTE XeNapuUHN — NPeiVMHO aHTK-X-
a edekT. Mpu HacnefcTBeH fedrLMT CbLLecTBy-
Ba pPUCK 3a pa3Butune Ha [IBT 1 no-cnab Takba 3a
apTepuanHu Tpomb6o3u. Mpn 6b6peyHn 3abonsa-
BaHMA CbLO MOXe Aa MMa JeduuunT Ha aHTu-
TpomOuH lll.

AHTUTPOMOVIHBT € FNKOMNPOTENH, Npoun3Be-
[eH B uepHua apob. OcHoBHaTa My GyHKLUS e fa
MHXMOVpPa TPOMOVHa, KakTo 1 pakTopuTe Xa, IXa,
Xla n Xlla. Jencterneto my ce yckopssa B npu-
CbCTBMETO Ha XeMapuH 1 He ce BNsAe OT aHTaro-
HUCTWTE Ha BUTaMUH K.

[NednuntsT Ha @aHTUTPOMOUH Ce yHacneaaBa
Nno aBTO30MHO-JOMWHaHTeH MbT. [lo-ronAmara
YacT OT NaLMEeHTUTe Ca XeTEPO3UTOTHY, TbiA KaTo
XOMO3UTroTMTE OOUKHOBEHO YyMIMpPAT OLLe B 3ap0-
LOVLLHOTO CY pa3BuUTHe.

Couwectysat 2 Trna. Jeduumntst ot Tmn | e
konunuectBeH aedekT, fokaTo Tin || e KauecTBeH.

The term thrombophilia was first introduced
by Egeberg in 1965 and until now expresses any
disorder related to anticoagulant mechanism
causing increase tendency for venous thrombo-
embolism, deep vein thrombosis, or pulmonary
embolism (1). Thrombophilia includes a series of
conditions with an increased risk of blood clot
formation in the vessels. It may be congenital or
acquired, and all symptoms depend on the
location as well as the extent of thrombosis (2).

Congenital thrombophilia is used for inborn
and more often hereditary abnormalities, on the
contrary, acquired thrombophilia refers to all
cases that present later in life. Ininherited throm-
bophilia, patients present earlier the first throm-
boembolic episode in comparison with the ge-
neral population. In addition, many clinical types
of hereditary thrombophilia are associated with
pregnancy complications such a recurrent mis-
carriage, preeclampsia, endometrial growth
retardation,and HELLP syndrome (3).

Thromboembolic diseases are a leading
cause of morbidity and mortality with increasing
annual frequency and this makes them animpor-
tantsocial problem (4).

Inherited thrombophilia causes:
- Antithrombin lll deficiency;
- Protein Cdeficiency;
-Protein S deficiency;
-FactorV Leiden mutation;
- Prothrombin gene mutation;
-Hyperhomocysteinemia;
-High levels of factors VIII, IX, X;
- Plasminogen deficiency and tissue plasmi-
nogen activator;
- Dysfibrinogenemia.

Antithrombinlll deficiency

Antithrombin Il is a natural anticoagulant
normally found in the blood and was described
in 1965 by Egeberg (5). It is the strongest anti-
thrombin inhibitor (anti-1l-a), but it also has anti-
X-a action. Heparin, by binding to antithrombin
ll, increases this inhibitory effect by a thousand-
fold, with unfractionated heparin having predo-
minantly anti-ll-a and low molecular weight
heparins having a predominantly anti-X-a effect.
In hereditary deficiency, there is a risk of deve-
loping DVT and a lower risk of arterial thrombo-
sis. Antithrombin Il deficiency may also be
presentinrenal disease.

Antithrombin, a glycoprotein produced in
the liver, inhibits thrombin as well as factors Xa,
IXa, Xla, and Xlla. The action of antithrombin is
accelerated in the presence of heparin and not
affected by vitamin Kinhibitors.

Antithrombin deficiency is inherited in an
autosomal dominant fashion. The majority of
patients are heterozygous because homozy-
gotesusually diein utero.

They are known 2 types. Type | deficiency is a
quantitative defect, whereas type Il is a qualita-
tive deficiency.



CbobuiaBaHaTa YectoTa Ha BTE e cBbp3aHa ¢
AeduunT Ha aHTUTPOMOUH 1 Bapupa oT 0,5% fo
7,5%, KaTo pasnpocCTpaHeHreTo My B obuiaTa
nonynauua e 0,2% (6). YCTaHOBEHO €, ue xeTepo-
3UrOTHU HOCWTENN Ha aHTUTPOMOMHOBaTa He-
[OCTAaTbYHOCT MMaT 20 MbTU MO-BUCOK PUCK 3a
pa3suTre Ha BTE, oTkonkoto obwarta nonyna-
uus.

KnvHuyHute nposasm BKNouBaT Tpomb03a Ha
uneodemopanHuTe BeHW, AbNOOKUTE BEHU Ha
ropHUTEe KpamHULUK, Me3eHTepuanHuTe BeHWU,
npasHata BeHa, 6bOpeyHy BEHU 1 Te3Un B peTu-
HaTa, KaKTo U LieHTpasiHa LiepebpanHa BeHO3Ha
Tpom603a 1 cHapoM Ha Budd-Chiari.

Aeduumt Ha npotenH C

3a nbpeu nbT NpoTenH C e 6un onmncaH npes
1981 r. ot Griffin (7).

MpoTtenH C e ecTeCcTBEH aHTMKOArynaHT, KOn-
TO Ce HamKpa B KpbBTa. Toin, 3ae4HO C NPOTENH S,
pasuensat ¢akTtopute V un VI, koeto Boan no
6noKmpaHe Ha KpbBOCbCHpBaLua npouec. Mpu
OTCHCTBUETO Ha Te3m fiBa dakTopa — npoterH Cur
S, 6anaHCBLT Ha CbCUpBALLATa 1 NPOTUBOCHCUP-
BallaTa CUCTEMW Ce HapyllaBa, KaTo Mo To3u
HauMH Ce pa3BMUBA CKIIOHHOCT KbM BEHO3HU "
apTepuasH1 TPoM6o3M.

MpotenH C e BuTamnH K-3aBucMma cepuiH
npoTeasa, KoATO MHXMOUpa KoarynauuoHHaTa
cucTeMa upes MHaKTuBMpaHe Ha daktopu Va n
Vllla - nBaTa kodakTopa, HeO6XOANMN 32 AKTUBU-
paHeTo Ha dakTop X n obpasyBaHETO Ha TPOM-
OUH.

[Opyra BaxkHa GyHKLMA Ha aKTUBUPaAHUA NPO-
TerH C (APC) e npodubprHonutMyHata. Ta ce
OCDbLIEeCTBABA UYpe3 MHAKTMBaLMATA Ha Nia3Mmu-
HoreHoBuUA akTuaTtop (PAl) 1 MHXMGbUUMSTA Ha
obpasyBaHeTo Ha TpomMbuH. CbLyo Taka npuTe-
»KaBa U MPOTVMBOBB3MANUTENIHM CBONCTBA, 6J10-
KMpanKy nHayumpaHaTa C eHAOTOKCUH Koaryno-
naTus, LWOK 1 HaTPynBaHe Ha IeBKOLMTY B benu-
Te gpobose.

Bbnpekn HanpeabKa B IeYeHNETO Ha TpaB-
MUTe U NpodunakTKaTa Ha TPOMOOEMO0NIN3MA,
BT octaBa OCHOBHa NMpuYMHa 3a 3abonesa-
€MOCT I CMbPTHOCT Mpu Te3un nauneHTn. Cbob-
WaBa ce, Ye pasnpocTpaHeHneTo Ha [ABT npn
TpaBmu e oT 62% [o 65%, KOeTo e CpaBHMUMO C
yecToTata (58%) Npu NaLMeHTn C paHn NpU CbB-
peMeHHUTe BeHorpadckm nscneasaHus. Colue-
CTBEHO MO-HWCKa e [OKJafBaHaTa YecToTa Ha
BT - 4% po 20%, KouTo ca 6unu oTbensizaHn B
n3cnefiBaHusA, U3Non3Bally yNTpa3BykoBa COHO-
rpadusa, BbNpeKky Ye MHOro NaLmueHTV ca nony-
yaanu npodunaktuKa. MpegwecTaalla TpaBMa
€ BTOPUAT MO YecToTa pUCKoB GaKTOp 3a TPOM-
60emb013bM, YCTaHOBEH B MPOYyYBaHe Ha OK-
pbr OnmcTeq ot Heit n cbTp., KONTO Ce CBbpP3Ba C
noutn 13-KpaTHO yBenuuyeHme Ha pucka (8).
NneHTndumumpaHm ca rpynu daktopu npu nauu-
€HTU C BUCOK PUCK OT Bb3HMKBaHe Ha [1BT, kato
Hanpumep:

- Bb3pacT — NOKayBaHe Ha pucka ¢ 1,05% 3a
BCEKW 1-rogueH npupact;

- KpbBOMpenuBaHe — NOKayBaHe Ha pucka C
1,74%;

-onepauna —nokaysaHe Ha pucka ¢ 2,30%;

- beppeHa unu nogbeapeHa dppakTypa — no-
KauyBa pucka c4.82%;

- yBpexaHe Ha rpbOHauYHMA MO3bK — NOKau-
Ba pucka c 8.59%;

The incidence of VTE associated with anti-
thrombin deficiency has been reported to be
0.5% to 7.5%, with a prevalence in the general
population of 0.2% (6). However, it is estimated
that individuals who are heterozygous for anti-
thrombin deficiency have a 20-fold higher risk
for the development of VTE than the general
populationdoes.

Clinical manifestations include thrombosis of
the iliofemoral veins, upper limb deep veins,
mesenteric veins, vena cava, renal veins, and reti-
nal veins, as well as cerebral venous thrombosis
and Budd-Chiari syndrome.

Protein Cdeficiency

Protein Cwas first described in 1981 by Griffin
7).
Protein C is a natural anticoagulant that is
found in the blood. Protein C together with pro-
tein S separates factors V and VI, which leads to
blockage of the blood clotting process. In the
absence of these two factors — protein C and S,
the balance of the coagulation and anticoagu-
lant systems is disturbed, thus developing a
tendency to venous and arterial thrombosis.

Protein C is a vitamin K-dependent serine
protease that inhibits the coagulation system by
inactivating factors Va and Vllla, the two cofac-
tors necessary for activation of factor X and
thrombin generation.

Anotherimportant function of activated pro-
tein C (APC) is profibrinolytic. It is accomplished
by inactivating plasminogen activator (PAl) and
inhibiting thrombin formation. It also has anti-
inflammatory properties, blocking endotoxin-
induced coagulopathy, shock, and leukocyte
accumulationinthelungs.

Despite improvements in trauma care and
thromboembolism prophylaxis, DVT remains a
significant source of morbidity and mortality in
injured patients. The prevalence of DVT in auto-
psied trauma casualties has been reported to be
62% to 65%, comparable to the (58%) incidence
ininjured patientsin modern venographic series.
Substantially lower DVT rates, ranging from 4%
to 20%, have been noted in series using duplex
ultrasonography, although many patients were
receiving prophylaxis. Recent trauma was the
second most common risk factor for thrombo-
embolism in the Olmsted County study by Heit
and was associated with a nearly 13-fold increase
in risk (8). Groups of factors have been identified
in patientsat high risk of DVT. For example:

- age - increase in risk by 1.05% for each 1-
yearincrement;

-blood transfusion —increase in risk by 1.74%;

-surgery —increasein risk by 2.30%;

-fracture of the femur or tibia —increase in risk
by 4.82%;

-spinal cord injury —increaseinrisk by 8.59%;

-hospital stay longer than 7 days;

-traumainjury;
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-60onHNYeEH NpecToi Hag 7 fHW;

-TpaBMaTUYHW yBPEXKAAHWSA;

- dpaKkTypaHaTasa;

- YBpeXAaHUsA Ha rofieMn BEHO3HU CbOBE;

- Ha/IMuve Ha BeHO3Ha KaHlona B befpeHaTa
apTepus;

-NPOABMKUTENHO 00E3ABMKBAHE;

-yAob/KaBaHe Ha NPOTPOMOMHOBOTO BpeMe;

- cnefgonepaTuBeH Nepuos;

Mmobununsauuata upes ckeneTHa dukcauums,
napanv3aTta u KpMTUUYHOTO 3abonsaBaHe ca CBbp-
3aHM C BEHO3€eH 3acCTol, AOKAaTO MeXaHWYHOTO
HapaHABaHe e BaXHO NPV AMPEKTHa BEeHO3Ha
TpaBMa WU LieHTpanHa BeHO3Ha KaHlonaums.

Mo-manko oueHeHO e CbCTOAHMETO Ha XU-
nepkoarynauma cnefi nyeprisaHe Ha UHXUOU-
TOpPUTE U KOMMOHEHTUTE Ha GMOPUHONUTMYHATA
cuctema. Hueata Ha ¢ubprHonenTua A ce yBe-
NMYaBaT cfef HapaHABaHe, CbOTBETCTBALLO Ha
AKTUBMPAHETO Ha KoarynaumsTa, fokaTto pubpu-
HONMMTUYHATa aKTMBHOCT MbPBOHAYaNHO Ce yBe-
nuyaBa u cnepf ToBa HamansaBa. [py BeHo3HaTa
6onect Komnsekca TPOMOUH-TPOMOOMOAYNMH
MoXe fa Obae ycuneH oT MPOTenH S U NHXK-
6u1paH OT aHTUTPOMOUH. MNpun NpnZO6UTO UNK re-
HeTUYHO HaManfABaHe Ha aKTMBHOCTTa Ha NpoTe-
1H C MOXe 1a yBENMUM TPOMOOTUYHMA PUCK.

PasnpocTtpaHeHeTO Ha XeTepo3nroTHOTO
HOCKTeNCTBO Ha NpoTerH C B obLiaTta nonynayus
e npubnusutenHo 0.3%, kKato fedUUTBLT My ce
cbobLasa npu 3% oT cilyyarHo noabpaHmM naym-
eHTn, npekapanu BT, koeTo coun, ye oTHOCK-
TeNHNAT PUCK 3a pa3BuTue Ha BTE e 10 nbTr no-
BUCOK (9).

XeTepo3nroTHUAT aedunumnT Ha npoTtenH C ce
yHacneAasa MO aBTO30MHO-AOMMUHAHTEH MbT,
npu KOeTo, ako eAUHUAT poauTen e HocuTern,
peuata umat 50% waHC ga HacnegaTt To3u ge-
dekt. ednunt Ha npoTtenH C ce ycTaHOBABaA U
npu 6b6peYH 3a60saBaHNA.

MpoTenH C ce acouynmnpa ¢ GaMunHn TPoM60o-
31 € Bapuauum Ha GeHOoTMNa, KaTo ca N3BECTHY
noseuye o1 160 pasnunyHm myTtaumm (10).

CobwecTByBaTt 2 Tmina - Tun |, xapaktepursmpaly,
Ce C HaMansABaHe KakKTo Ha aHTUTEeHHWTE, TaKa U
Ha GyHKLMOHanHUTe My H1Ba, 1 Tun I, npu KonTo
HMBaTa Ha aHTUreHa ca HOPMaJiHY, a e HaMarneHa
camo GpyHKLMOHaNHaTa My akTUBHOCT.

B npoyuBaHe Bbpxy 10 000 3apaBu foHOPM
Ha KpbB, HabnoAaBaHOTO Pa3npoCTpaHeHre Ha
HacneacTeeH geduunt Ha npotenH C e 1,45 Ha
1000. B gpyro npoyuBaHe Ha 2132 naumeHTn
BTE e yctaHoBeHO, ue 3,2% wumat geduunt Ha
npotenH C. 3uncneHo e, ye NHAMBNANTE, KOUTO
Ca XeTepo3nroTHu 3a aeduuut Ha npoteuH C,
MMaT cefiemM MbTU NO-BUCOK PUCK 3a Pa3BUTME Ha
BTE, oTkonkoTo B obuiata nonynauus. B gonbn-
HeHue Kkbm BTE, aedunumtsbT Ha npoTenH C ce aco-
yumupa n ¢ GynMmMHaAHTHa Nypnypa npv HOBOPO-
LEHN 1 HEeKpo3a Mpu feyeHne C UHOUPEKTHU
aHTaroHNcTn Ha BuTamrH K. HeoHatanHata ¢yn-
MMHaHTHa nypnypa Moxe fa 6bae pesyntat ot
XOMO3UrOoTEH WKW [BOEH XeTepPO3UroTeH reHo-
TN. XapakTepursnpa ce C MMKPOCb0Ba Tpombo-
3a B JepmaTta, BOAela [0 TeXKM eKXUMMO3MU,
nocneaBaHa OT MepurBacKynapeH KPbBOU3NUB,
0o6LIMpPHA BEHO3HA N apTepuranHa Tpombo3a U
HeKpo3a. JlabopaTopHaTa HaxofKa CbOTBETCTBA
Ha AMCeMUHMpaHaTa UHTPaBacKynapHa Koary-
nauua (VK cnHapom) n e cBbp3aHa C U3Kun-
TEeJIHO HUCKM HMBa Ha npoTenH C.

- pelvicfractures;

-majorvenousinjury;

- presence of femoral venous lines;

-extended immobilization;

- prolongation of the partial thromboplastin
time;

- postoperative period;

Immobilization by skeletal fixation, paralysis,
and critical illness are obviously associated with
venous stasis, whereas mechanical injury is
important after direct venous trauma and central
venous cannulation.

Less well appreciated is the hypercoagulable
state after depletion of coagulation inhibitors
and components of the fibrinolytic system. Fibri-
nopeptide A levels rise after injury, consistent
with activation of coagulation, whereas fibrino-
lytic activity has been found to increase initially
and then decrease. Venous disease the throm-
bin-thrombomodulin complex, APC can be en-
hanced by protein S and inhibited by antithrom-
bin. Either an acquired or an inherited reduction
in protein C activity is able to increase thrombo-
ticrisk.

The prevalence of heterozygous protein Cin
the general population is approximately 0.3%,
and its deficiency has been reported in 3% of
randomized patients who have undergone DVT,
indicating that the relative risk of developing VTE
is 10times higher (9)

Heterozygous protein C deficiency is inheri-
ted in an autosomal dominant fashion, whereby
if one parent is a carrier, children have a 50%
chance of inheriting this defect. Protein C defi-
ciencyisalsofoundinkidney diseases.

Protein C deficiency is associated with fami-
lial thrombosis with phenotypic variation, pre-
senting over 160 different mutations (10).

This deficiency may be classified as type |,
characterized by a reduction in both antigenic
and functional levels, or as type Il, in which
antigen levels are normal and only functional
activity isdecreased.

In a study of 10,000 healthy blood donors, the
observed prevalence of inherited protein C defi-
ciency was 1.45 per 1000. In a study of 2132 pa-
tients with VTE, 3.2% were found to have a pro-
tein C deficiency. It is estimated that individuals
who are heterozygous for protein C deficiency
have a seven-fold higher risk for the develop-
ment of VTE than the general population does. In
addition to VTE, protein C deficiency is also
associated with neonatal purpura fulminans and
warfarin skin necrosis. Neonatal purpura fulmi-
nans can result from either a homozygous or a
double-heterozygous genotype. It is characte-
rized by microvascular thrombosis in the dermis
leading to severe ecchymoses, followed by
perivascular hemorrhage, extensive venous and
arterial thrombosis, necrosis, laboratory findings
consistent with disseminated intravascular coa-
gulation (DIC syndrome), and extremely low
levels of protein C.



MHpyumpaHaTa HeKpo3a Ha KoaTta npwu
neyeHne C VHAUPEKTHU BUTaMUH K-3aBucumu
aHTVKOArynaHT1 MOXe [ia ce NnosiB/ Npu xopa ¢
peduumnt Ha npotenH C npe3 MbpBUTE HAKOKO
[HW crnep 3arnoyBaHe Ha TepanuaTa. ToBa Moxe
[a HaManu aHTMKoarynaHTHaTa aKTMBHOCT Ha
npotenH C go 50% B pamknte Ha 1 geH. C nsknio-
yeHne Ha dakrtop VI, octaHanuTe BMTaMuH K-
3aBMCcUMK GaKTopM Ha KPbBOCHCMPBaHe, Hama-
nABaT no-6aBHO 1 NPeAn3BUNKBAT NPEXOLHO XU-
nepKoarynaHTHO CbCTosaHUe. KNUHNYHUTE npo-
ABW Ha Npefun3BMKaHa HeKpo3a Ha Ko»KaTa ca no-
[O6HW Ha Te3u, HabnodaBaHn Npy GyNMUHAHT-
HaTa nypnypa npv HOBOPOAEHM.

Mpupobut gednumt Ha npoTtenH C Moxe aa
ce OTKpMe ¥ NpuW MauueHT! C ocTpyu TPOom6o-
TUYHU NPOABU, YepHOLPOOHO 3abonsBaHe, 6b0-
peyHo 3abonsABaHe, AMCEMMHMPaAHa UHTPaBac-
KynapHa Koarynauus, XeMonUTUYHO-ypeMUYEH
CUHAPOM, XUmmMoTepanua ¢ 1-acnaparvHasa,
TpoMbOTMYHa TpoMboLUTONEHUYHA Nyprypa 1
ocTpa uHdekuums.

AedununtHanpotenHS

MNpoTenH S e eCcTeCTBEH aHTUKOAryaHT, KO-
TO NpeacTaBnsaBa BUTaMuUH K-3aBucum kodaktop
Ha MHaKTMBMPaHETO Ha npoTterH C, NPUYNHEHO
ot ¢akTopu VanVllla. OcBeH ToBa NPOTENH S MO-
e AVMPEKTHO Aa MHXMOUpa MbTA Ha KPbBOCH-
CcupBaHe ypes B3aumogencTaune ¢ paktopm Va n
Xa. Ton ce cuHTe3upa OT xenaTtounTutTe U Mera-
Kapuouutute. B KpbBTa LMpKynupa B cBo6oaHa
dopma mnm cebp3aH Kbm C4b-cBbp3Bawma
NPOTENH, KONTO eAMHCTBEHO B cCBO6oHA dopma
MOXe fa B3aumogeinctaa c npotenH C.

YHacneaaBaHeTo Ha 4epULNT Ha NPOTENH S e
Mo aBTO30MHO-AOMUHAHTEH MbT M € MO-4YecTo,
OTKONKOTO Npu AedpuunT Ha npoTterH C. CbobLya-
Ba Ce, ye yectoTaTa Ha BTE, cBbp3aHa c npotenH
S, e oT 5% po 7%, KaTo pa3npoCTpaHeHMEeTO B
obuiata nonynauus e 0,13%. M3uncneHo e, ue
WHONBUAUTE, KOUTO Ca XeTEPO3UTOTHN HOCUTENN
3a geduunt Ha npotenH S, umat 8,5 nuTK no-
BMCOK PUCK 3a pa3sutueto Ha BTE, oTkonkoto
obuiata nonynauus.

Hednunt Ha npotenH S ce pasBmBa 1 Npu
6pemeHHOCT, ynoTpeba Ha KOHTpaLenTusm unu
XOPMOHO3aMecTuTeNnHa Tepanusa. ToBa 06AcCHA-
Ba MOBMILUEHUA PUCK NpX Te3n 3abonaBaHUs.
BbbpeyuHnTe 3a60519BaHMA CbLLO MOraT [a JoBe-
[aT 4O MOHMMEHO HMBO Ha MPOTENH S.

MNo3HaTtn ca noseye o1 130 myTaumm Ha Npo-
TeVH S, KOWTO ca rpynupaHn B TpU KaTeropuu.
Hedununtst Ha TUN | e KonnyecTBeH, AednUNTBLT
Ha Tun |l e KauecTBeH, a AedpuuUTHLT Ha TUN Il ce
NPUYMHABA OT MyTaLK, KOUTO NOBULIABAT adu-
HUTeTa Ha NPOTenH S KbM NPOTENHA, CBbP3BaLL
C4b.

KNnHMYHWTE NpoABK Ha NaLMeHTN C XeTepo-
3UroTeH NpoTenHoB aednumT S ca NnogobHK Ha
Te3n Ha naumeHTn ¢ gedpuumnt Ha npoteuH C,
XapaKTepusnpaln ce C NoBuLIEHA YeCcToTa Ha
BTE n nnayunpaHa npu neyeHmne ¢ UHAUPEKTHN
AHTArOHUCTN Ha BUTaMKH K HeKpo3a Ha KoXaTa.
XOMO3UrOTHUTE MHAMBUAW Ca PAAKOCT, HO UMaT
KMMHUYHATa KapTMHa Ha GyIMMHAHTHa nypnypa
NPV HOBOPOZEHN.

CobluyecTByBaT CbOOLLEHMSA 1 33 NPUAOOUT Ae-
dVLMT Ha NpOTEMH S NpY NaLMeHTU C AnCceMun-
HMpaHa MHTpaBa3afiiHa KoarynauuA, 3axapeH
AnabeT, 6peMeHHOCT, OpaJiHa KOHTpauenuusa,

Warfarin-induced skin necrosis may occur in
individuals with protein C deficiency during the
first several days of warfarin therapy. Initiation of
warfarin therapy can reduce protein C anticoa-
gulant activity to 50% within 1 day. With the
exception of factor VI, other procoagulant vita-
min K-dependent clotting factors decline at a
slower rate and induce a transient hypercoagu-
lable state. The clinical manifestations of war-
farin-induced skin necrosis are similar to those
seeninneonatal purpurafulminans.

Acquired deficiency of protein C may also be
found in patients with acute thrombotic events,
liver disease, renal disease, disseminated intra-
vascular coagulation, hemolytic-uremic syndro-
me, chemotherapy with 1-asparaginase, throm-
botic thrombocytopenic purpura, and acute
infection.

Protein S deficiency

Protein S is a vitamin K-dependent cofactor
for the protein C mediated inactivation of factors
Va and Vllla. Additionally, protein S can directly
inhibit the clotting pathway through interac-
tions with factors Va and Xa. Protein S is synthe-
sized by hepatocytes and megakaryocytes and
circulates bound to C4b-binding protein or as a
free form, with only the latter being able to
interact with protein C.

Inheritance of protein S deficiency is auto-
somal dominant, and it is more common than
protein C deficiency. The incidence of protein S
associated VTE has been reported to be 5% to
7%, with the prevalence in the general popu-
lation being 0.13%. It is estimated that indivi-
duals who are heterozygous for protein S defici-
ency have an 8.5-fold higher risk for the develop-
mentof VTE than the general population does.

Protein S deficiency also develops during
pregnancy, contraceptive use, or hormonerepla-
cement therapy. This explains the increased risk
of these diseases. Kidney diseases can also lead
to decreased levels of protein S.

More than 130 types of protein S mutation
can be grouped into three general categories.
Type | deficiency is quantitative, type Il deficien-
cy is qualitative, and type lll deficiency is caused
by mutations that increase the affinity of protein
Sfor C4b binding protein.

The clinical manifestation of patients with
heterozygous protein S deficiency is similar to
that of patients with protein C deficiency an
increased incidence of VTE and warfarin-induced
skin necrosis. Homozygous individuals are rare
but will have a clinical picture of neonatal purpu-
rafulminans.

Acquired protein S deficiency has been re-
ported in patients with disseminated intravas-
cular coagulation, diabetes mellitus, pregnancy,
oral contraceptive, nephritic syndrome, liver




HedpPUTEH CUHAPOM, YePHOAPOOHO 3abonABaHe
1 eceHUManHa TpoMoboLuTeMuA.

MyTauuns Ha pakTopV Leiden

Han-pa3npoctpaHeHaTa Tpombodunua e
myTaumaTa daktop V Leiden. HopmanHo dakTtop
V (npoakuenepuH) 3aegHo ¢ daktop X, NpeBpb-
WaT NpoTpomMbMHa B TPOMOWH C nocsieABaLlo
obpa3syBaHe Ha ¢ubpuHoreH. To3n npouec ce
6N10KMpa OT eCcTeCcTBEHWA aHTUMKOarynaHT npo-
TeuH C. MyTupanuat ¢aktop V e pesumcTeHTeH
KbM aKTMBHOCTTA Ha NPOTENH, KOETO NMOBMLIABA
pUCKa OT BEHO3HV TPOMOO3W.

Pe3ncTeHTHOCTTa KbM aKTMBMPaHUA MpoTe-
nH C (APC) ce xapaKTepu3unpa ¢ HEBb3MOXHOCT-
Ta Ha ek3oreHHUA APC ga yabmxkun akTuBMpaHoTo
napumanHo TpombonnactnHoBo Bpeme (aPTT).
To3n ¢deHomMeH MbpBOHAYanHO e onucaH oT
Dahlbach n cbTpyaHuum npe3 1993 roguHa (11).
MNMocnepBalym nscnenBaHUA OT YHUBepPCUTET-
CKaTa 6onHuua B JlariaeH, XonaHausa, paskpu, ue
TO31 nabopartopeH GbeHOTWMN e B pe3ynTaT Ha Tou-
KoBa MyTauusa B reHa 3a ¢pakTtop V Ha Koaryna-
LMoOHHaTa Kackaga B 95% ot cnyvaute. MyTa-
uMATa BOAM [O 3amMeCTBaHe Ha apruHUH C
rnyTaMuH B no3unuma 506, Taka ye pakTop Va cTa-
Ba HEYYBCTBUTENEH UM € YCTOMUYMB Ha pa3uen-
BaHeTo oT APC, KoeTo NpoT1Ya MHOTO No-6aBHO.
Mo TO3M HauvH ce yBenryaBa KoIMYeCcTBOTO Ha
dakTop Va, KoeTo OT CBOA CTpaHa BOAW [0
noBuLIaBaHe Ha HUBaTa Ha TPOMOUH.

QakTop V Leiden npepctaBnaBa rnukonpo-
TEWH, KOWNTO Ce CMHTe3Mpa B YepHus gpob. Ha-
NINYEH e KaKTo B Mja3marta, Taka 1 B Tpombouu-
TUTE N U3MbJHABA possiTa Ha KodakTop (12). To
ce 0cBOOOXKAaBa NPV aKTUBMPaHe Ha TpomMbouun-
uTe.

MyTauusTta Ha pakTop V Leiden ce yHacne-
[ABa NO aBTO30MHO-AOMUHAHTEH NbT. Ton e 10
MbTU NO-YeCTO CPeLlaH OT ocTaHanuTe aedeKkTn
(13,14). MyTaumaATa npucbCTBa B Npubnunsun-
TenHo 4% no 7% ot KaBka3kaTa rpyna HaceneHume
n ot 0-1% npwn ocCTaHanaTta yacT. 3a rpbukaTta
nonynauma e yCTaHOBEHO, Ye HanMymeTo Ha
XeTepOo3MroTHO HOCUTESNICTBO e OT 6-8%, AoKaTo
XOMO3UFOTHU WHAMBMAMN Ca 3HAYUTENHO Mo-
pagko (10). B npoyuBaHe Ha 4047 amepuKaHuy,
yecToTaTa Ha MyTauuaTa e 6una 5,3% 3a 6enute,
2,2% 3a amepukaHuuTe oT McnaHuma, 1,25% 3a
HaTMBHMTE amepukaHuy, 1,2% 3a adppoamepu-
KaHuunTte n 0,45% 3a amepukaHuute ot A3ua. o
OTHOLLEHME Ha Mofa YyecToTaTa Ha HOCUTENICTBO-
To e 6unanono6Ha (15).

Hocutencteoto Ha myTaumaTa dpaktop V Lei-
den B bbnrapus e BUCOKO, KOETO O3HayaBa, Ye T4
€ prcKoB paKTop 3a pa3BUTUE HAa BEHO3HV TPOM-
6031 cpep 6bnrapckata nonynauva. BukeHTu-
€Ba W CbTP. B CBOE NpOyyBaHe npv naumeHTn ¢ bE
yCTaHOBABAT YecToTa Ha dakTop V Leiden myTa-
unaB7.84%(16).

CbobuiaBaHaTa YecToTa 3a MyTaumsa Ha dak-
Top V Leiden e ot 20% no 50% ot xopaTa ¢ Nbp-
BMYHa BTE, koeTo ro npaBu Halil-yecTata npuiu-
Ha 3a HacneicTBeHa Tpomboounmsa. OTHocuTen-
HUAT puck 3a [1BT e noBuMLweH cegemMKpaTHO Npu
Te3u, KOUTO Ca XeTepPO3UroTHU 3a MyTaLMATa Ha
dakTopV Leiden. MNpu nHAMBMAN C XOMO3UTOTHO
HOCUTENCTBO PUCKBT ce yBennuyaBa 80 mbTu.
OcBeH TOBa Npu XoMO31roTHU nauneHTn BT ce
pa3BvBa B MoO-mjlada Bb3PacT, OTKOMKOTO Mpwu
Te3U, KOUTO Ca XeTePO3NTOTHN.

disease, and essential thrombocythemia.

FactorV Leiden mutation

The most common thrombophilia is the
factor V Leiden mutation. Normally, factor V
(proaccelerin) together with factor X transform
prothrombin to thrombin with result formation
of fibrinogen. This process is blocked by the
natural anticoagulant protein C. Mutated factor
V is resistant to protein activity, which increases
therisk of venous thrombosis.

Resistance to activated protein C (APC) is
characterized by the failure of exogenous APC to
prolong the activated partial thromboplastin
time (aPTT). This phenomenon was initially
described by Dahlbach and associates in 1993
(11). Subsequent studies from the Leiden
University Hospital in the Netherlands revealed
thatthis laboratory phenotype was the result ofa
mutation in the gene for factor V of the coagu-
lation cascade in 95% of instances. The mutation
causes replacement of arginine with glutamine
at position 506 such that factor Va is not sus-
ceptible or rather is resistant to cleavage by APC
and is therefore inactivated at a decreased rate.
Thus, more factor Va is available to participate in
the generation of thrombin.

Factor V Leiden is a glycoprotein that is syn-
thesized in the liver. It is present in both plasma
and platelets and acts as a cofactor (12). It is
released upon activation of platelets.

The factor V Leiden mutation has an
autosomal dominant mode of inheritance and is
at least 10 times more common than other
inheritable defects (13,14). The mutation is pre-
sent in approximately 4% to 7% of the Caucasian
population and from 0-1% in the rest of the po-
pulation.In the Greek population, it represents 6-
8% of heterozygous, while homozygous indi-
viduals arerarely detected (10). In a study of 4047
Americans, the carrier frequency of the mutation
was 5.3% for whites, 2.2% for Hispanic Ame-
ricans, 1.25% for Native Americans, 1.2% for Afri-
can Americans, and 0.45% for Asian Americans.
In regard to gender, the frequency of carriers was
similar (15).

The carrier of the factor V Leiden mutation in
Bulgaria is high, which means that it is a risk fac-
tor for the development of venous thrombosis
among the Bulgarian population. Vikentieva et
al. in their study in patients with VTE found a
frequency of factorV Leiden of 7.84% (16).

Factor V Leiden mutation has been reported
in 20% to 50% of individuals with first-time VTE
events, which makes it the most common cause
of inherited thrombophilia. The relative risk for
DVT is increased sevenfold in those who are
heterozygous for the factor V Leiden mutation.
However, inindividuals who are homozygous for
the mutation, therelativeriskisincreased 80fold.
Additionally, in homozygous patients, DVT
develops at a younger age than in those who are
heterozygous.



MNpu >eHn, XeTPO3UroTHN HOCUTENKN Ha My-
TaumaATa Ha ¢aktop V Leiden n npremaiym KoHT-
pauenTnBm, pUCKDLT 3a pa3suTue Ha BTE e 30 nb-
TV NO-BUCOK CNPAMO Te3n C HopMasneH Tun (17).

Ta3m MyTaumA CblO Taka e CBbp3BaHa U C
MHOTO YCJTO)KHEHUSI MO BpeMe Ha OpeMeHHOCTTa,
KaTo Hal-yecTuTe OT TAX Ca Npeeksamncusa,
CMOHTaHHW abopTK, 3a6aBEHO Pa3BUTKE Ha NJO-
[a. YCTaHOBEHO €, Yye Npu XeTepo3nroTHN HOCU-
TeNIKN TO3M pUCK e ysennueH 2-3 nbtn (10).

Mpw naumeHTn c 6bOpeyHa TpaHcMNaHTauuA
CblecTByBa 4 MbTY MNO-BUCOK PUCK OT TPOMO03a
Ha BeHO3HUA rpadT Npu HocuTenu Ha dakTop V
Leiden.

Mpwn onepauma Ha NauMeHTn C MyTauua Ha
dakTop V Leiden uma 5 nbTn NO-BUCOK PUCK 3a
pa3Butme Ha BTE.

XeTepo3nroTHM Bb3PacTHU NaLMeHTH ca C 2-
4 NbTU NO BUCOK PUCK 3a peunansupawm BTE
(18).

MaureHTn ¢ mytauma Ha ¢akTop V Leiden
MMaT 2-3 NMbTN NO-BUCOK PUCK OT pa3BUTUE Ha
MUoKapaeH MHGapPKT, KaTo TO3M PUCK HapacTBa
A0 30 NbTU NpY MAaAW »KeHu C ApYrn prCKOBU
dakTopu.

Mpw nauneHTV nog 50 rognHU C MyTaLmA Ha
dakTop V Leiden cbulectByBa 3 MbTW NO-BUCOK
pUCK OT pa3BUTME Ha NCXEeMUYEH MO3bYEH WH-
cynT. Mpwn cbyeTaHre ¢ gpyrn pUcKoBu daktopu
(onabet, xMnNepToHUsA, XmMnepxonecTeponemus)
TO3M puck ce noerwasa 11 nutu. Mpu mnagn
XKeHW, ynoTpebsBallyl KOHTPaLEeNnTUBYM, PUCKBLT
ceyBenunyasa 13 nbTu.

Xopa ¢ Tpombodunua Ha daktop V Leiden
npw NbTyBaHe CbC camoneT mmat 16 NbTU No-Bu-
COK pU1CK 3a pa3suTue Ha BE. BaxHo e fa ce cno-
MeHe, Ye eTNOoNOornATa Ha Pe3nCTEHTHOCTTa Ha
APC He ce cBexfa camo Jo MyTauum Ha dakTop V
Leiden. MNoBulLeHNTE Nla3MeHN HUBA Ha paKTop
VIIl, HannumneTo Ha aHTUdOoCONUNNAHM aHTUTeE-
na, No-HanpeaHana Bb3pact, 6peMeHHOCT 1 13-
MON3BaHETO Ha ecTPOreHn ca fobpe U3BEeCTHU
NPUYMHY 3a NOBYLLIEHaTa My YCTONYMBOCT.

MpoTpom6uHOBa reHHa MyTauusa

HacnepctBeHa Tpombodunms c oTHoCUTENHO
BMCOKa YecToTa e reHHaTa MyTauusa NpoTPOMOUH
20210. HopmanHo NpoTPOMOUHBT LMpKynvpa B
KpbBTa 1 Korato 6bjie akTUBMpaH, ce NpeBpbLya
B TPOMOWH, KOWTO OT CBOsl CTpaHa NpeBpblua
¢unbprHoreHa BbB GpMOPUH. MNMaTonormyHo BrCo-
KOTO HMBO Ha MyTUpanusa NpPOTPOMOUH Cb3JaBa
yCNI0BMA 3a pa3BUTUE Ha Tpombo3a.

MyTaumaTta G20210A Ha reHa 3a npoTPOMOVH
€ onucaHa 3a NbpBu NbT oT Poort 1 CbTpyaHMLN
npe3 1996 roguHa (19). Te gemoHcTpmpart, ye 28
cemelncTBa c AaHHW 3a BTE ca umanu 18% yectoTa
Ha NpexoA OT ryaHH KbM afeHMH Npu HyKneo-
Tmaa 20210 Ha NPoTPOoMOUHOBKA reH. CpaBHe-
HMETO CbC 34paBUN KOHTPONM pasKkpmaa camo 1%
yecToTa Ha CbliyaTa MyTauusa. B cbwoto ToBa ms-
cnepBaHe Poort 1 cbaBTOpyM CboOLLaBaT CbLUO,
ye npu 87% OT UHAMBUAUTE C TakaBa MyTauma
HMBaTa Ha NPOTPOMOUHa ca Hag 115% oT Hop-
ManHuTe. Mo To3M HauMH NOBULLEHUTE HUBA Ha
NPOTPOMOUH, NPefLecTBEHVK Ha TPOMOVH, ca
CBbp3aHu cnosuLleH puck 3a BTE.

[onAMO MHOroOLEeHTPOBO N3NNTBaHe e MoKa-
3a0, Ye yecTtoTaTa Ha Ta3u MyTauma B Hacene-
HueTo Ha EBpona e ot 0,7% go 4%. MyTauuaTa e
pAagKa npu nHameuam ot Asuns nnm Adpuka (20).

In heterozygous women of the factor V Lei-
den mutation which are taking contraceptives,
the risk of developing VTE is 30 fold higher than
inthose with the wild type (17).

This mutation is associated with many com-
plications during pregnancy, such as preeclamp-
sia, miscarriage, delayed fetal development. It
has been found thatin heterozygous women this
riskisincreased 2-3 fold (10).

Patients with kidney transplantation have a
4-fold higher risk of venous graft thrombosis in
factorV Leiden carriers.

In surgery of patients with a Leiden V muta-
tion have a 5-fold higherrisk of VTE.

Heterozygous adult patients have 2-4 fold
more likely to have recurrentVTE (18).

Patients with a Leiden V factor mutation have
a 2-3-fold higher risk of myocardial infarction
and this risk increases to 30-fold in young wo-
men with otherrisk factors.

Patients under the age of 50 with a factor V
Leiden mutation have a 3-fold higher risk of
ischemic stroke. When combined with other risk
factors (diabetes, hypertension, hypercholeste-
rolemia), this risk increases 11 fold. In young wo-
men taking contraceptives, the risk increases 13
fold.

People with factor V Leiden thrombophilia
have a 16 fold higher risk of VTE when traveling
by plane. It is necessary to mention that the
etiology of APC resistance is not limited to factor
V Leiden mutations. Increased plasma levels of
factor VIII, the presence of antiphospholipid
antibodies, older age, pregnancy, and the use of
estrogens are well-known causes of increased
APCresistance.

Prothrombin gene mutation

Hereditary thrombophilia with a relatively
high frequency is the gene mutation prothrom-
bin 20210. Normally prothrombin circulates in
the blood and when activated it is converted to
thrombin, which in turn converts fibrinogen to
fibrin. Pathologically high levels of mutated
prothrombin create conditions for the develop-
ment of thrombosis.

G20210A mutation was first described by
Poort and associates in 1996 (19). They demon-
strated that 28 families with a documented
history of VTE had an 18% incidence of a
transition from guanine to adenine at the 20210
nucleotide on the prothrombin gene. Compa-
rison to healthy controls revealed only a 1%
incidence of the same mutation. In this same
study, Poort and coauthors also reported that in
87% of individuals with such a mutation, pro-
thrombin levels were greater than 115% of nor-
mal. Thus, elevated levels of prothrombin, the
precursor for thrombin, are associated with
increased risk for VTE.

Alarge multicenter trial revealed the inciden-
ce of this mutation in the general European
population to be 0.7% to 4%.The mutationis rare
in individuals of Asian or African descent.




HonbnHutenHn n3cnegBaHna Nokasgart, Ye npu
nauMeHTn cbe cnoHTaHHa [BT uyecTtoTtaTta Ha my-
TauuATa MOXe ga Bapupa ot 7% po 16% B
3aBMCMMOCT OT M3CsiefBaHaTa nonynauus.

[aToNnormyHmMAT reH ce yHacnegasa no aBTo-
30MHO-AOMVHAHTEH MbT N KOraTo eQuHUAT po-
AnTen e HocuTen Ha reHa, fietata nmat 50% LwaHc
fa ro HacnegAat. Makap v pAgKo, CbLiecTByBaT 1
XOMO3UFOTHM MNauVeHTH, Hacneaunm MmyTmpanma
reH oT ABamata poauTesnun.

PuckbT 3a BTE OT nprcbcTBrETO Ha NPOTPOM-
6uHoBaTta myTauma G20210A e Tpu nbTK no-
BMICOK NPU XeTepO3UroTH, OTKOSIKOTO Te3U C HOP-
MaJsieH reH. To3m puck ce ysennyasa 16 nbty npm
NNLA C XeTePO3MTrOTHO HOCUTENICTBO 1 MPUEM Ha
KOHTpaLuenTuBu. Hannumeto Ha XOMO3UTOTHOCT
JOMbJIHNTENHO yBeNnnYyaBa TO3M PUCK 1 e npea-
MocTaBKa 3a MO-TeXKa KNMHMYHa usaga (21). Jo-
MBIHUTENHO NPUAOCOUTY MW HACNedeHU TPOM-
6OTVMUHU PUCKOBU dakTopyu B KOMOMHaALMA C
NpoTpoMOUHOBaTa MyTauma Ha G20210A morat
JOMBAHUTENHO Aia yBenmyaT pucka 3a BE.

MyTaumaTa Ha npoTpomburHa G20210A moxxe
fa Obae elHOBPEMeHHO yHacnefeHa C Tas3u Ha
¢dakTop V Leiden B npnbnmsutenHo 1% o 10%
OT CUMNTOMATUYHUTE HOCUTENM.

XunepxomouncrenHemus

Bucokute nnasmeHn HMBaA Ha XOMOLMCTENH
Ca CBbP3aHN C MOBULLEH PUCK KAaKTO 33 BEHO3HW,
Taka 1 3a apTepuanHu Tpombo3u. To3u edekT ce
ObMKM Ha TOKCMYHOTO Bb3[enCTBME Ha MOBU-
LIEHNA XOMOLMCTENH B KPbBTa BbPXY CbAOBUA
eHpoten. PUCKBT OT TpOMO03U 3HAUMTENHO Ha-
pactBa Npu KOMOWMHMPaHe C APYr PUCKOBM
dakTopy, KaTo Hanpumep TpombodunusaTa Ha
¢dakTopV Leiden.

MyTauuaTa Ha reHa, OTroBapsL 3a pegyKLum-
ATa Ha XOMOLMCTENHa B KPbBTa, € N3BECTEH KaTo
C667T BapraHT. XOMO3UIOTHMUTE HOCUTENN Ha TO-
31 reH MMaT orpaHMyeHa Bb3MOXHOCT [1a MeTa-
60nM3npaT XOMOUMCTENHA, NPU KOETO HMBOTO
My Ce NoBMLIABa. YCTaHOBEHAaTa YeCToTa Ha xeTe-
po3urotHaTa popma e 50% npwu crydarHm naym-
€HTW, OoKaTO 3a XOMOo3uroTHata e 15% (22). Jle-
YyeHMeTo Ha To3un fedeKT ce CbCTon B Npuema-
HeTo Ha ponuesa KucenmnHa, BuTaMmuHn B6 nB12,
KOWTO MOHWKaBaT HMBOTO Ha XOMOLMCTENHA ©
HamansaeaT TOKCUYHUTE My eDEKTU BbPXY CbLO-
B/A eHJOoTe.

XvnepxomouunctenHemuaTa 6uBa BPOgeHa 1
npugobuTa. BpogeHata e B pe3yntaT oT MyTaLum
B reHa 3a MeTuneHTeTpaxugpodonar pegykrasa
(MTHFR). MNpugo6buTaTta e B pe3yntaT Ha HefoC-
TUr Ha ponmesa K1cenuHa, BUTamnH B6 nB12 B
pe3ynTaT Ha HefoXpaHBaHe.

XnnepxomouncTenHeMmaTa ce XapakTepu-
3upa C NoBKLLEH Na3MeH XOMOLIMCTENH NoBeYye
ot 100 pmol/L npu Texxkute cnyyau. Jlekata fio
yMepeHa ¢opma e € nasmeHun H1MBa Ha XOMOLK-
CTeuH Ha rnagHo ot 15 go 100 umol/L. Toa npu-
UMHABA XOMOLMCTUHYPUSA, KaTapaKTa, CKeNeTHN
OTKJIOHEHWUSs], paHHa aHrnonaTus, Tpomboembo-
JINYHW CBOUTMA, YMCTBEHA M30CTAHANOCT 1 €
purckoB dpakTop 3a Tpomboembonus (23). Hieata
Ha XOMOLIMCTENH Ca MO-BUCOKM NPU MbXeTe 1 ce
yBenuM4yaBaT C Bb3pacTTa. HanpoTtus, 6pemeH-
HOCTTa 1 HMBATa Ha eCTPOreH HaManABaT HMBaTa
My Mopaau reHeTUYHN GpakTopm (Mnnca Ha 3-cu-
HTa3a Ha UMCTaTUOHUH 1nn 5,10-meTuneHTeTpa-
xuppodonat pepykrasa) (24). CouectByBaT U
daKTopy Ha oKonHaTa cpefia, KOMTO BAMAAT Ha

Additional investigations have shown that in
those with spontaneous DVT, the incidence of
the mutation may range from 7% to 16%,
depending on the patient population studied.

The pathological geneisinherited in an auto-
somal dominant way, and when one parent car-
ries the gene, children have a 50% chance of in-
heriting it. Although rare, there are homozygous
patients who have inherited the mutated gene
from both parents.

The risk for VTE in the presence of the pro-
thrombin G20210A mutation is threefold higher
in heterozygotes than in those with the wild
type. This risk is increased 16 fold in individuals
with heterozygous carriers and contraceptive
use. The presence of homozygosity further
increases this risk and is a prerequisite for more
severe clinical manifestations (21). Additional
acquired or inherited thrombotic risk factors in
combination with the prothrombin G20210A
mutation can furtherincrease the risk for VTE.

The prothrombin G20210A mutation is co-
inherited with the factor V Leiden mutation in
approximately 1% to 10% of symptomatic
carriers.

Hyperhomocysteinemia

High plasma levels of homocysteine have
been associated with an increased risk for both
venous and arterial thrombosis. This effect is due
to the toxic effects of elevated homocysteine in
the blood on the vascular endothelium. The risk
of thrombosis increases significantly when com-
bined with other risk factors, such as factor V
Leiden.

The mutation in the gene responsible for the
reduction of homocysteine in the blood is
known as the C667T variant. Homozygous carri-
ers of this gene have a limited ability to meta-
bolize homocysteine, therefore its level increa-
ses. The established frequency of the hetero-
zygous form is 50% in random patients, while for
the homozygous it is 15% (22). The treatment of
this defect consists of the intake of folic acid,
vitamins B6 and B12, which lower the level of
homocysteine and reduce toxic effects on the
vascularendothelium.

Hyperhomocysteinemia can be congenital
and acquired. Congenital is the result of mutati-
ons in the methylenetetrahydrofolate reductase
(MTHFR) gene. It is acquired as a result of a folic
acid deficiency, vitamins B6 and B12 as a result of
malnutrition.

Hyperhomocysteinemia is characterized by
elevated fasting plasma homocysteine >100
pmol/L in severe cases. The mild to moderate
form has less elevated fasting plasma homocys-
teine levels 15-100 pmol/L. It causes homocysti-
nuria, cataracts, skeletal abnormalities, early
angiopathy, thromboembolic events, and men-
tal retardation as a risk factor for thromboembo-
lic disease (23). Homocysteine levels are higher
in males and increase with age. On the contrary,
pregnancy and estrogen decrease levels, due to
genetic factors (lack of B-synthase of cys-
tathionine or 5,10-methylenetetrahydrofolate
reductase) (24). There are also environmental
factors that affect homocysteine levels — decrea-
sed folic acid uptake and methionine intake,



HMBATa Ha XOMOLIMCTEVH, KaTo Hanpumep nprem
Ha donveBa KUCENMHa, METUOHWH, TIOTIOHOMY-
leHe, MOBULIEH NMpuem Ha Kade, HamarneHa
6bb6peyHa GyHKLMSA, XUNOTUPEOULN3BM U HAKOW
NleKapcTBa KaTo MeTOTPeKcaT, CTeponaun, LMKIo-
CNopVH 1 gp. H1BaTa Ha XOMOLMCTENH HaMans-
BaT Mo BpeMe Ha 6peMeHHOCT nopaan NnoeuLle-
Ha 6bbpeyHa duntpaumsa n xemogunyums. Oc-
BEH TOBa M/1oJa yBenyaBa NoemMaHeTo Ha XOMO-
UucTenHa oT MakaTa. Bucokute HuBa ca cBbp-
3aHM C yBpeXaaHUA Ha HeBpasnHaTta Tpbba, nna-
LeHTapHa TpoM603a, Npeeknamncus 1 Tpomobo-
3a Ha nnayeHTaTa. CbLo Taka ce NoBuMLWaBa Npo-
LEeHTBT Ha paHHUTe abopTu (25).

MexaHn3mmnTe, No KOWUTO Ce pa3BMBaT TPOM-
60eMO0NNYHNUTE YCIOXKHEHNSA, BKIOYBAT CbA0-
Ba eHJoTeNnHa AUCcdyHKLUS, KNeTbyHa anonTo3sa
Ab/Kallla ce Ha HamaneHa GMOaKTMBHOCT Ha
A30THUA OKCWA, HaManABaHe Ha aHTUOKCUAAHT-
HaTa perynauusa, NPOMEHN B aKTMBHOCTTA Ha
TPOMOOUUTUTE, ENIVIMUHUPAHE Ha MbTA Ha Npo-
CTAUUKINHOBATA OMOCUHTE3a, HaManABaHEe Ha
AHTUTPOMOUHOBATA aKTUBHOCT, MHXMOMpPaHe Ha
aKTMBUPaHETO Ha NpoTenH C 1 MHXMOMpaHe Ha
CBbP3BaHETO Ha TbKaHHWA NIA3MUHOIEHEH pe-
uenTop c eHgoTena (26).

JleyeHvieTo BK/OYBA 3aMeCTBaHe C BUTAMUH
B12 (0,5 mg/geH) n onatm (0,5-5 mg/neH) ne c
HUCBK PUCK MO OTHOLWIEHNE HaMansBaHETO HU-
BaTa HAa XOMOLCTEUH.

KnuHn4YHUTE n3cneaBaHnsa NokKasBeart, ue npu-
NOXEeHMeTo Ha BUTAMUH B6 He e mmano 3Hauu-
TenHu pesyntatu (27). Cnopep nocneaHu npoyu-
BaHMsA, CyOCTUTYMpaLlaTa Tepanus ¢ BUTaMUHM
He BOAW O HaMaseHe Ha YCNIoXHeHuATa. Ho ot
Zpyra cTpaHa, npuemaHeTo Ha donveBa Knce-
NMHa B 403a OT 5 mg/aeH HamansaBa YyectoTaTa Ha
npeeknamncus 1 pakaaHe Ha HEJOHOCEHW, KakK-
TO U yecToTaTa Ha YBPeXAaHUA Ha HeBpasHaTa
Tpbba. MNocnegHUTe pesyntatim He ca JOCTaTby-
HO KaTeropm4yHo goka3saHu (28).

MeTabonnTHUAT pasnag Ha XOMOLMCTeMHa
BKJIIOUBA €H3MMa MeTuneHTeTpaxugpodonar
penykTasa. To3u eH3MM ocurypsBa MeTUI0BU
rpynu, Cy»KeLm 3a NpeBpbLLAHETO Ha XOMOLMC-
TerHa B METUOHWH, KOWTO MpeacTaBisaBa Uup-
Kynupallata ¢opma Ha donata (29). B pesyntat
Ha TOYKOBa MyTauuAa B TO3M reH ce nojydyasa
3aMecTBaHe Ha UNTO3MH C TUMWH Ha no3numa 677
(C677T). XopaTa, KOUTO Ca XOMO3UIOTHU 1 ©MaT
HefaoCTaTbyeH XpPaHUTENEH MpUeM, ca C NOBU-
LUEHM HMBa Ha XOMOUMCTeVH. Bbnpeku Tasn aco-
umnaumsa, gaHHu 3a MTHFR C677T myTaumaTa KaTo
He3aBUCKM pUCKoB PpakTop 3a BTE nuncear.

AuncpunbpuHoreHemuns

Wugnenan ¢ aucodmnbpurHoreHemma nmat
aHopMasiHa MmoneKkyna Ha GubpuHoreHa B KpbB-
Ta. TAa ce npefaBa No aBTO30MHO-JOMUHAHTEH
nbT. Korato eguHUAT poauTen e HocuTen Ha To3u
nedekr, geuata umat 50% LLaHC 3a HEroBOTO YHa-
cnepasaHe. MNpu Ta3n TpoMbodUNUA NauneHTn-
Te MoraT fja MMaT CKJIOHHOCT KbM pa3BuUTME Ha
KbpBeHe, TPOM6031 u/vnn 1 asete. PUcKbT oT
BEHO3HV TPOMOO03M 3aBUCK OT TUMa Ha AUCHr6-
puHoreHemusaTa. Tol ce yBeNMyaBa 3HAUNTESTHO
npv HanMure Ha Apyry puckoBy GaKTopy KaTo
rofisiMa Xvpyprus, umobunmsauyus, ynotpeba Ha
KOHTpaLEenTVBN, XOPMOHO3aMeCTUTeNHa Tepa-
nMa nnn 6pemeHHOCT. To3n PUCK 3HAUYUTENTHO
HamansABa Npu npoBexaaHe Ha NpodunakTmKa.

smoking, increased coffee intake, decreased re-
nal function, hypothyroidism, and certain drugs
such as methotrexate, steroids, cyclosporin, etc.
Homocysteine levels decrease during pregnan-
cy because of increased renal filtration and
hemodilution. Moreover, the fetus increases the
uptake of homocysteine. The high levels are lin-
ked to neural tube damages, placental thrombo-
sis, preeclampsia, and placental abruption. Also,
therate of early abortionisincreased (25).

The proposed mechanisms include vascular
endothelial dysfunction, cell apoptosis due to
reduced nitrogen oxide bioactivity, decrease in
antioxidant regulation, changes in platelet acti-
vity, elimination of prostacyclin biosynthesis
pathway, decrease in antithrombin activity, inhi-
bition of protein C activation, and inhibition of
binding to the endothelium of the tissue plasmi-
nogen receptor (26).

Treatmentincludes substitution with vitamin
B12 (0.5 mg/day) and folate (0.5-5 mg/day).Itisa
low-risk treatment that reduces homocysteine
levelsin most cases.

Research clinical protocols have shown that
B6 administration did not have significant results
(27). However, according to recent trials, vitamin
administration did not contribute significantly to
the reduction of complications. On the other
hand, the administration of folic acid at a dose of
5mg/day reduced the incidence of preeclampsia
and prematurity and contributed to the increase
in birth weight. The latest results have not been
adequately proved (28).

The metabolic breakdown of homocysteine
involves MTHFR. This enzyme provides methyl
groups that serve to convert homocysteine to
methionine, which is the circulating form of
folate (29). A point mutation in this gene results
in the substitution of cytosine by thymine on the
MTHFR gene at position 677 (C677T). Individuals
who are homozygous and have inadequate die-
tary intake may achieve moderately increased
homocysteine levels. Despite this association,
data supporting the MTHFR C677T mutation as
anindependentrisk factorforVTE are lacking.

Dysfibrinogenemia

Individuals with dysfibrinogenemia have an
abnormal fibrinogen molecule in the blood. It is
transmitted in an autosomal dominant way.
When one parent is a carrier of this defect, child-
ren have a 50% chance of inheriting it. With this
thrombophilia, patients may have a tendency to
bleeding, thrombosis, and/or both. Therisk of ve-
nous thrombosis depends on the type of dysfi-
brinogenemia. It increases significantly in the
presence of other risk factors such as major sur-
gery, immobilization, contraceptive use, hormo-
nereplacementtherapy, or pregnancy.Thisriskis
significantly reduced during prevention.




LOpyrnHacnepcTBeHn Tpom6odunum

Opyrv nosHaTy HacnefcTBeHn Tpombodunum
ca anchnbprHoreHemMus, NOBULLIEHN GAKTOPU Ha
KPpbBOCbCMpPBaHe, KakTo 1 myTtauma Ha 5,10-
metunteTpaxmuapodonat pepykrasa (MTHFR). Te
o06aye ca no-cnabo NpoyyeHu.

YHacnepeHuTe gedpeKktn Ha pubprHoreHa ce
OTKPMBAT Npu NO-Masnko oT 1% OT Te3un C NbpBU
enu3og Ha BE. Mpu Te3n gedektn GnbpuHoreHsT
He e B CbCTOsIHME 1a CBbPXKE TPOMOUHA 1N ca-
MUAT GUOPUH He MoXe fa Gble nu3vpaH oT
nnasmuHa.

KnnHnyHo, no-ronsmata yacTt OT nayneHTuTe
C HacneacTBeHa ANChUOPUHOreHEMKA ca acnMm-
NTOMaTUYHU, KaTO BEPOATHO camo 25% nposAsaA-
BaT KbpBeHe 1 20% nposBaBaTt Tpomb03a. lNosu-
WweHmnTe HMBa Ha ¢pakTopwm VIII, IX, Xl ca fokazaHu
KaTo He3aBuMcUM puckos ¢dakTop 3a BE. Mauu-
eHTK c noBuweHn paktopu IX n Xl Hag 90-ma nep-
CEeHTWN Npu 34paBn KOHTpoan nmaT OR cboTBeT-
HO 2,31 2,23a[1BT B CpaBHeHMe C Te3u C HMBa nosa
90-na nepceHTUN.

MoBuweHn HUBa Ha dakTop VIl ca goknag-
BaHM Npu 25% ot xopata c [1BT.

Mpuao6utn rpom60oPUNMN

Mpupobutute TPOMOOGUNNN BKNIOUYBAT CbC-
TOSIHMS, CBbP3aHM C MOBULIEH PUCK OT pa3BuUTME
Ha TPOM003a, KaTo Hanpumep aHTudochonmnu-
LEH CYHAPOM, peavua myenonponunudepaTvBHY
3abonaBaHuA 1 ap.

AHTndochonunugeH cuHgpom
(ADC)

AOCeonucaHnpes 1983 roanHa (30).

A®C e efjHa OT Han-yeCTo CpeLiaHnTe NPUYK-
HU 3a NpugobuTa xunepkoarynauus. Toi e cBbp-
3aH C NMOBULUEH PUCK KaKTO 3a apTepuasHa, Taka
1 3a BeHO3Ha TpomMb60o3a. Bbnpekn ue ADC moxke
[a ce noABm CbC cnctemeH nynyc, 50% ot naym-
EHTUTEe He OTroBapAT Ha KpuTepumute 3a nynyc
WV A pYT aBTOUMYHHU HapyLueHnsa. CUHOPOMBT
ce xapaKTepusrpa C HaMumeTo Ha aHTUTenNa, Ko-
UTO UHXMOMPAT in vitro peakuumUTe Ha Koaryna-
Ums, NynycHUAT aHTUKoarynaHT (LA) n aHTuTena,
KOWUTO Ce CBbP3BAT C aHTUKAPAUONUMNUH 1 2-
rnvkonpotenH. OTKpuBaT Ce U APYrv aBTOAHTU-
TeNla — aHTUMUTOXOHAPWANHY, AaHTUEHAOTENHMY,
AHTUTPOMOOLWTHY, aHTUEPUTPOLIUTHU N aHTU-
HyKJleapHWU.

KnuHuyHaTa KapTuHa Ha 3abonsBaHeTo
BK/IOYBA YeCTV BEHO3HMW 1 apTepuasHu TPOM-
603u, CNOHTaHHU abopTu, TPOMBOLIMTOMNEHUS, a
OT NnabopaTopHUTe N3CneBaHNA fmarHo3ara ce
NoTBbPXJaBa OT HaJMYMETO B CEPYMA Ha aHTU-
Tena cpelly oTpuuaTtenHo 3apeseHn docdonu-
nuau u/vnn nynyceH aHTUKOarynaHT U pAgko
danwmBo nonoxuteneH Tect 3a cupunuc (VDRL)
(31).

A®C 6uBa MbpBUYEH, 6€3 JaHHW 33 APYTO 3a-
6onsBaHe, U BTOPVYEH, CBbP3aH C ApYyro aBTou-
MYHHO 3a60/15iBaHe, Hall-4ecTo CUCTEMEH ynyc
eputematogec (CJIE). CowectByBat 6 Tvna AQC:

1.ABT cbcvnun 6e3 bE;

2. KopoHapHu Tpom603u, apTepuanHu Tpom-
6031, a0PTHN TPOM603U, TPOMOO3a Ha KapoTua-
HaapTepus;

3.KoMbuHauus oT nbpBuTe ABE;

4.KombrHaumaA oT nbpBUTe TPY;

5. CnoHTaHHM abopTu, TPOMOOLMTONEHUS Ha
MalKara;

Otherinherited thrombophilias

Other inherited thrombophilias, such as dys-
fibrinogenemia, elevated clotting factors, and
5,10-methyltetrahydrofolate reductase (MTHFR)
mutation, are less well studied.

Inherited defects of fibrinogen are detected
in less than 1% of those with first-time VTE. In
such defects, fibrinogen may be unable to bind
thrombin, or the fibrin itself is unable to be lysed
by plasmin.

Clinically, the majority of patients with an
inherited dysfibrinogenemia are asymptomatic,
with possibly only 25% exhibiting bleeding and
20% exhibiting thrombosis. Elevated levels of
factors VIII, IX, XI have been demonstrated to be
an independent risk factor for VTE. Individuals
with elevations of factors IX and XI above the
90th percentile in healthy controls have ORs of
2.3and 2.2, respectively, for DVT when compared
with those with levels below the 90th percentile.

Elevated factor Vlll levels have been reported
inupto25% ofindividuals with VTE.

Acquired thrombophilias

Acquired thrombophilias include conditions
associated with an increased risk of developing
thromboses, such as antiphospholipid syndro-
me, a number of myeloproliferative diseases, and
others.

Antiphospholipid Antibody Syndrome
(APLAS)

APLAS was describedin 1983 (30).

APLAS is one of the most common causes of
acquired hypercoagulability. The syndrome is
associated with an increased risk for both arterial
and venous thrombosis. Although APLAS can
occur with systemic lupus erythematosus, 50%
of patients do not fulfill the criteria for lupus or
other autoimmune disorders. The syndrome is
characterized by the presence of antibodies that
inhibit in vitro coagulation reactions, the lupus
anticoagulant (LA), and antibodies that bind to
anticardiolipin and 32-glycoprotein. Other auto-
antibodies are also detected - antimitochondri-
al, antiendothelial, antiplatelet, antierythrocyte,
and antinuclear.

The clinical features include a history of fre-
quent venous and arterial thrombosis, miscarria-
ges, thrombocytopenia, and laboratory tests
confirm the diagnosis by the presence in the
serum of antibodies against negatively charged
phospholipids and/or lupus anticoagulantand a
rarely false-positive syphilis test (VDRL) (31).

APLAS is primary without evidence of ano-
ther disease and secondary to another autoim-
mune disease, most commonly Systemic lupus
erythematosus (SLE). There are 6 types of APLAS:

1.DVT with or without PE;

2. Coronary thrombosis, arterial thrombosis,
aorticthrombosis, carotid artery thrombosis;

3.Acombination of the first two;

4. A combination of thefirst three;

5. Spontaneous abortions, maternal throm-
bocytopenia;



6.Hannune Ha aHTUTEeNa 6e3 KNHNKa.

KNMHWYHUTE KpnTEepumn BKIOYBAT aHaMHe3a
3a TpoMb0o3a WK YCNOXHEHMA MO BPeMe Ha
OGpeMeHHOCTTa CbC 3aryba Ha nnoga (n/unu n
aBete).

YecTtoTata Ha AQC B o6LaTa nonynayms He e
n3BectHa. Cnopep npoyysaHe Ha Cervera u cbTp.
yecToTaTa Ha fiBeTe OCHOBHU ¢popmm e 53.1% 3a
nbpBuYeH, cebp3aH cbc CJIE 36.2%, nynycHo-
CBbp3aHM cvHpomu 5%, apyrv 3abonAsaHuA
5.9%(32).

EnngemmnonornyHm gaHHn nogKpenaTt Bpb3-
KaTa MeXay Hannumeto Ha Te3n aHTudochonu-
NUOHW aHTUTeNna n Tpombosa. ChbluecTBYBa BU-
COK PUCK OT pa3BUTUETO Ha TPOMO03a, CBbP3aH C
HannumneTo Ha LA, n BUCOK TnTHbp oT Knac IgG Ha
AHTMKApPAMONMMMHOBM aHTUTENA. B ronamo KoH-
TPONMpaHoO NpoyuyBaHe Ha Leiden 3a Tpombo-
¢éunua, 6aznpaHo Ha ciydyalHo nofbpaHu
nayneHT! C NbpPBK enn3of Ha BEHO3HA TPOM-
603a, ce oTKpuBa 3,6 MbTU MOBULIEH PUCK OT
Obnboka BeHO3Ha Tpomb603a Mpu UHAMBUAMN,
nonoxxmtenHu 3a LA. CbLyo Taka 1 Npy nauneHTy,
KOWUTO ca nonoxutenHu 3a LA n 3a aHTMnNpo-
TPOMOWH MM aHTU-B2-rMNKONPOTENH-1 aHTUTe-
na nma npubnusntenHo 10-KpaTHO NoBULIEH
pvck3aBTE.

Mpn AOC e napagoKcanHo ToBa, Ye TPoMbo-
TUYHNTE HaPYLUEHUA Ce XapaKTepm3mpar C aH-
TUTeNa, KOWUTO yAbJ/IXKABAT in vitro KoarynauusaTa.

MexaHun3muTe, NO KOWUTO Te3n aHTUTeNa BO-
IAT 0o TPOM603a, OCTaBaT HEU3ACHEHW. AKTVBU-
paHeTo Ha MOHOLMTW, TPOMOOLUTI 1 €HAOTESHN
KNeTKM OT KOMMNeKcuTe aHTUTAno/B2-rnuko-
npoTterH-1 e OT NMbPBOCTENEHHO 3HayeHue 3a
eTMOoNornsaTa Ha TPOMOOTUYHUTE UHUMAEHTN.
AHTUTENa KbM aHeKcuH |l, pa3nonoxeH Bbpxy
€HAOTeNHNTE KNEeTKN, TbKaHeH Mla3mMuUHOreHeH
aKTMBATOP W MAAa3MUH Ca pasriexgaHu Kato
NOMbJIHUTENEH aHTUTEHW, KOUTO BUXa MO Aa
npepmn3smkat BE. [lokasaHo e, yue KomnaemeHT-
cBbp3aHoTo (C5a) Bb3naseHne e C NoBMLIEHA
TPOMOOreHHOCT 1 MoBTapsAla ce 3aryba Ha
nnoga.

JNlabopaTtopHata guarHoctmka Ha AOC BKto-
yBa:

- CKpVHUWHT 3a JIA C gBe pa3nnyHu TecToBu
cnucTemu;

- CKPVIHWHT 3@ aHTMKApAMONUMMHOBUTE aH-
TUTena, BkNtousaly IgG nigM;

- aHTU-B2-rnukonpoTenH-1;

MonoxntenHnte TectoBe TpAbBa Aa O6baaTt
noTBbpAeHn 12 cegmumum cnef NbpBOHaYaNHNA
CKPUHWHT, T KaTo MoraT Aa ce Habnopasat
NPEXoAHO MOMIOXKUTENHU CTOMHOCTU NO Bpeme
Ha MHbEKUUKN, aBTOMMYHHA XeMOJINTUYHA aHe-
MUSA UV 3/TOKaYeCTBEHO 3a00/1ABaHe.

MwuenonponudepaTnBHuTe 3a6onABaHnA
BK/l0YBaT:

- NONNUUTEMUS BEPQ;

- MauonaTnyHa Mmenopunbposa;

- XPOHMWYHa MUeNoNHa NIEBKEMUSA;

- eceHumasnHa TpomboLuTeEMUA.

MonuvuuteMmnaTa € CbCTOSHUE Ha MOBULLEH
6poli Ha KNeTKUTe OT YUePBEHWS KPbBEH pef, KO-
€TO e onpefeneH PUCK 3a apTepuanHn U BeHO3-
HY TPpom603K. JledeHNeTo BKIOUYBaA XemMoguy-
LMA N/ LMToCTaTULM.

6. Presence of antibodies without clinical
features.

Clinical criteria include a history of either
thrombosis or pregnancy complications with
fetalloss (and/or both).

The frequency of APLAS in the general popu-
lation is unknown. According to a study by Cer-
vera et al. the incidence of the two main forms
was 53.1% for primary, SLE-related 36.2%, lupus-
related syndromes 5%, other diseases 5.9% (32).

Strong epidemiologic evidence supports a
relationship between the presence of these
antiphospholipid antibodies and thrombosis.
There appears to be the highest risk for thrombo-
sis associated with the presence of LA and high-
titer 19G anticardiolipin antibody. The Leiden
Thrombophilia Study, a large population-based
case-control study of unselected patients with
the first episode of venous thrombosis, found a
3.6-fold increased risk for deep venous throm-
bosis in individuals positive for LA. However,
patients who are positive for both LA and either
antiprothrombin or anti-f32-glycoprotein-1 anti-
bodies had an estimated 10-fold increased risk
forVTE.

Paradoxically, in APLAS the thrombotic dis-
order is characterized by antibodies that prolong
invitro coagulation tests.

The mechanisms by which these antibodies
result in thrombosis remain unclear. Activation
of monocytes, platelets, and endothelial cells by
antibody/B2-glycoprotein-1 complexes has
been implicated in the etiology of the thrombo-
tic events. Antibodies to annexin Il on endothe-
lial cells, tissue plasminogen activator, and plas-
min have been proposed as additional antigenic
targets. Complement (C5a)-mediated inflamma-
tion has been demonstrated to be associated
with increased thrombogenicity and recurrent
fetalloss.

Laboratory diagnosis of APLAS should inclu-
de:

- screening for LA with two different assay
systems;

- assessment of anticardiolipin antibodies
should include screening for both IgG and IgM
antibodies;

-anti-B2-glycoprotein-1 screening.

Positive tests should be confirmed 12 weeks
after the initial screening because transiently
positive values may be seen during infections,
autoimmune hemolyticanemia, or malignancy.

Myeloproliferative diseasesinclude:

- polycythemiavera;

-idiopathic myelofibrosis;

- chronic myeloid leukemia;

-essential thrombocythemia.

Polycythemia means increased red blood cell
count, which is a definitive risk for arterial and
venous thrombosis. Treatment includes hemo-
dilutionand/or cytostatics.




Mpwu eceHuranHaTa TpomboLMTEMUA MA NO-
BYLLABaHe Ha 6POos Ha TPOMOOLUTUTE B KPbBTA,
KOETO 3HauuTesIHO MOBKMLUABA PUCKA OT Pa3BU-
TUE Ha apTepuranHn 1 BEHO3HU Tpombo3u. Haii-
YecTo ce 3acAraT rojlieMuTe apTepurm, HO MOraT ja
6bAat 3acerHaT U no-manku. Mpwv Te3n naymex-
TW UMa NOBULLEH PUCK OT UHCYNT 1 MHpapPKT. Be-
HO3HUTE TPOMOO3W Ca PefKu, HO MOraT fia ce pas-
BMAT Ha HETUMWYHM MecCTa, Hanp. abgomuHan-
HuTe BeHU. Mexay 50% n 80% oT naymeHTuUTe C
TpombouuTeMmsa pa3BMBaT CbAOBU TPOMOO3MU.
JleueHuneTo ce cbCTOM B NpUnaraHe Ha LUTOCTa-
TULM W aHTUArperaHTu.

Mapokcr3manHaTa HollHa XemMornoouHypus
e pagko 3abonsaBaHe, KOETO BK/OYBA XEMOSU-
TMYHa aHeMusA, NIeBKOMeHUA 1 TpombounTo-
neHus. Okono 40% oT nauneHTUTe C ToBa 3a00-
nsiBaHe pa3BuBaT BEHO3HU TPom6b0o3u. Te ca C He-
TUMMYHA NTOKANM3aLMs, KaTo YecTo ca 3acerHatu
abfomyHanHuTe (xenaTtanHu) unu LepebpanHu
BEHW.

MauueHT, Ha KONTO ce NpenopbUBa
nscnepBaHe 3aTpom6odunua

Cnopep, MeXXgyHapoaHuTe Hacoku, nabopa-
TOPHOTO M3CnefBaHe 3a HanuMuue Ha Hacnep-
CTBEHa Unun nprugobuta Tpombodunma ce npeno-
pbuBa B CriefHUTE Clyyvau:

- nayueHTn C NbpBY enn3of Ha BE Ha Bb3pacT
noa 40 roanHw;

- NaumMeHTn Ha Bb3pacT nog 60 roguHu, Ko-
rato nbpBuA enusopg Ha BTE e 6e3 HannuueTo Ha
3HauMM pPUCKOB GAKTOP UM U3BECTEH eHJore-
HEH pUCK;

- NaUMUEHTN, KOUTO NPUTEXKABAT e4VH PUCKOB
¢dakTop 3a BTE, opanHu KOHTpauenTuBu WK
XOPMOHO3aMeCcTUTeNIHA Tepanua UM 6pemeH-
HOCT. JTabopaTopHOTO TecTBaHe 3a Tpombodu-
nua TpAbBa fa ce U3BbPLUBA Hal-Manko 2 me-
ceua cnefl CNUpPaHeTo Ha XOpMOHasHaTa Tepa-
nua nnu paxgaHeto (33);

- naymeHTn ¢ peuungusnpawn BTE, He3aBu-
CUMO OT HalIMYMETO Ha PUCKOBU daKTopu;

- nauyveHTy 6e3 paswyrpeHy BeHU, NposBs-
BaLLV Ce C MOBbPXHOCTEH TPOMOOdNeduT;

- NauuneHTn ¢ BTE Ha HeobrYalHN MecTa, KaTo
Tpom003a Ha peTVHasHaTa BeHa WM MO3bYHa,
Me3eHTepuanHa Ui YepHoapobHa BeHO3Ha
Tpom603a;

- MAUMEHTU C UHAYUMpPaHa Npu leyeHne ¢ nH-
OVPEKTHN aHTaroHNCTU Ha BUTaMnH K HeKpo3a
Ha KOXaTa, HEKpO3a Ha KoaTa 1 HOBOPOJEHM C
nypnypa ¢ynmmnHac, KoMTo He ca CBbp3aHu CbC
cencug;

- aCUMMNTOMHU POAHMNHY Ha NaLeHTV OT Mbp-
Ba CTereH C AoKa3aHa CUMMTOMaTrKa 3a TPOM6o-
bunna MM xematonormMyHo pascTpPonCTBO,
KOeTO e CBbpP3aHO C HacnefCcTBeHa TPOMOO-
bunus.

-XeHu ¢ damnnHa aHamHe3a 3a BTE nog 60 ro-
OVHU, MPU KOWUTO NpefAcTon NprieMaHe Ha Xop-
MOHaJ/IHM NleKapCTBa 3a acuCTMpaHa penpo-
AyKUMS;

- XeHu ¢ npobnemHa 6peMeHHOCT — MoBTa-
pALWM ce HeM3ACHeHM abopTu Npe3 MbpBKA TPU-
MeCTbp Ha OpemMeHHOCTTa, 3abaBeH pacTex unu
CMBPT Ha Nnoja, NpeeKknamncus.

3aknoueHune
BpopeHata unu npuaobuta Tpombodunus
urpae Ba)kHa pona B eTvonaToreHesaTa Ha Be-

In essential thrombocythemia, there is an in-
crease in the number of platelets in the blood,
which significantly increases the risk of develo-
ping arterial and venous thrombosis. The large
arteries are most commonly affected, but smaller
ones can also be affected. These patients have an
increased risk of stroke and heart attack. Venous
thrombosis is rare but can develop in atypical
places, e.g. abdominal veins. Between 50% and
80% of patients with thrombocythemia develop
vascular thrombosis. Treatment consists of the
administration of cytostatics and antiplatelet
agents.

Paroxysmal nocturnal hemoglobinuria is a
rare disease that includes hemolytic anemia,
leukopenia, and thrombocytopenia. About 40%
of patients with this disease develop venous
thrombosis. They have an atypical location, often
affecting the abdominal (hepatic) or cerebral
veins.

Patients which arerecommended
forthrombophiliainvestigation

According totheinternational guidelines, the
laboratory investigation for the presence of
hereditary or acquired thrombophilia is recom-
mended in the following cases:

- in patients with the first VTE episode occur-
red atthe age below 40years;

- in patients younger than 60 years of age
who present the first VTE episode without the
presence of a significant risk factor or a known
endogenousriskfactorforVTE;

- in patients who present with a single risk
factor for VTE, oral contraceptive, or hormone
replacement therapy or pregnancy. Laboratory
testing for hereditary causes of thrombophilia
should be performed at least 2 months after the
stop of hormone therapy or labor (33);

- in patients with relapsing VTE, regardless of
the presence ofrisk factors;

-in patients without varicose veins exhibiting
recurrent superficial thrombophlebitis;

-in patients with VTE in unusual sites, such as
retinal vein thrombosis or cerebral, mesenteric,
or hepatic vein thrombosis;

- in patients with warfarin-induced skin nec-
rosis and neonates with purpura fulminans not
related to sepsis;

-in asymptomatic relatives of first-degree pa-
tients with proven symptomatic thrombophilia
or hematologic disorder that is linked with
hereditary thrombophilia;

- in women with a family history of adjusted
VTE at <60 years, going to take hormonal medi-
cationsforassisted reproduction;

- in women with a history of recurrent un-
explained abortions, growth retardation, or
endometrial death, preeclampsia.

Conclusions
Congenital or acquired thrombophilia takes
partin the etiopathogenesis of venous thrombo-



HO3HUTE TPOMbO3U 1 e efHa OT YecTuTe NPUYIK-
HU 33 TAXHOTO Bb3HVKBaHEe KaTo CaMOCTOATENEH
NPUYUNHUTEN U B CbUYETaHME C APYTrv NPOBOKU-
pawy ¢pakTopu. 3aToBa € HeobXxoaMMO U3BbBP-
LWIBaHEe Ha CKPUHWHIOBY TECTOBE 3a OTKpMBaHe
Ha Tpombodunua npy pUcKoBMTE rPynNu nauu-
eHTN.

Pepgnua npoyuBaHmA yCTaHOBABAT 3HAUYEHU-
€To Ha HacleAcTBeHMTe TpoMbodunny 3a pas3su-
TUETO Ha BEHO3HU 1 apTepranHn Tpom60o3u 1 bE.
PruckbT OT pa3sutue Ha TPoM6O3M e MO-BUCOK
npu CcbyeTaBaHeTO MM C APYrU PUCKOBU dak-
TOpW, KaTo Hac/1eICTBEHOCT, 6BPEMEHHOCT, KOHT-
paLenTuBY, onepauny, TPaBMK, MbTyBaHUA CbC
camorieT, TIOTIOHOMNYLLEHE, Xunepxonecteporse-
MUsi, XUnepToHusa 1 ap. ToBa onpenens no.e-
LAEHUNETO NPU YCTaHOBEH reHeTYeH fedeKT - no-
NPOABIKMTENHA aHTMKOArynaHTHa Tepanua u
BTOpPMYHa NpodunakTnka npu Beye passuna ce
BTE, npoBexaaHe Ha NbpBUYHa NpodunakTmKa c
HUCKoMoneKynHu xenapuHn (HMX), n3barsaHe
Ha CbCTOAHMSA, CBbP3aHV C MOBULIEH TPOMOOTH-
UeH pUCK, orpaHyaBaHe Ha pucKoBuUTe pakTopu

sis and is one of the common causes of their
occurrence, as a single cause or in combination
with other provoking factors. Therefore, scree-
ning tests to detect thrombophilia in at-risk pati-
entsarerequired.

A number of studies have established the
importance of hereditary thrombophilia for the
development of venous and arterial thrombosis
and VTE. The risk of developing thrombosis is
higher in combination with other risk factors,
such as heredity, pregnancy, contraceptives, sur-
gery, trauma, air travel, smoking, hypercholeste-
rolemia, hypertension, and others. This determi-
nes the behavior in case of an established
genetic defect - longer anticoagulant therapy
and secondary prophylaxis in already developed
VTE, primary prophylaxis with low molecular
weight heparins (LMWH), avoidance of condi-
tions associated with increased thrombotic risk,
limitation of risk factors for the development of
thrombosis, increased physical activity.

3a pa3BuTne Ha TpOM603a N npoeexaaHe Ha
adKTMBEH ABUraTeneH pexmm.
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Pesiome

PasnpoctpaHeHneTo Ha XpOHUYHUTE 6onecT Npuaobusa enuaeMNYHY pa3mepu B LA LBAT. Hall-uecTn
Ca CbpAEYHO-CHOBUTE, OHKONOTMYHUTE, XPOHUYHUTE PeCcnupaTopHy 3abonABaHMA U 3aXapHUAT
Anabet. OCTPUAT KOPOHAPEH CMHAPOM B KOMOVHaLUsA C XPOHUYHa O6CTPYKTUBHa 6enopobHa 6onect
BOAM O NMOHVXeH Gpr3nYecKy KanauunTeT, HACKA CoLMaliHa OLeHKa 1 YecTr pexocnutanusauuu. MNpa-
BWJIHATa 1 CBOEBPEMEHHA AVArHOCTVKA Ha Te3u NaumveHTn 61 nofo6puna 3HaUNTESTHO TAXHOTO pU3MKan-
HO 1 MEHTAJTHO CbCToAHME. LlenTa Ha HaCTOALLOTO U3CeBaHe e ia OLIeHN KaK XPOHMYHATa OOCTPYKTUB-
Ha 6eniofpo6bHa 601ecT NOBNUsBa KAUECTBOTO Ha >KMBOT NP NaLMEHTUTE C OCTbP KOPOHAPEH CUHAPOM.
Martepuanu n metogun

M3cnepBaHeTo o6xBawa 81 nauymeHtTn ¢ OKC, noctbnunn B KapanonornyHo otaeneHve Kbm MBAJ
Dobpwnyu Al 3a cpok oT 48 meceua. bonHuTe 6sixa pa3geneHu B Ase rpynu: rpyna A Bkntousa 41 nuua c OKC
n npuapyxasata XObb n cbotBeTHO rpyna b - 40 yuactHrka ¢ OKC 6e3 yctaHoBeHa benofpobHa 6onecT.
Mpu BCcnUKKM GoNHK e cbbpaHa MHPopMaLMA 3a PUCKOBU GaKTOpU, MPOBEAEH € KIUHWUYEH Mnpernes
BKJIIOYBALL efIeKTpOKapAMorpama 1 TpaHcTopakasHa exokapamnorpadusa. 3a ga ce oLeHr KayecTBOTO Ha
XKMBOT e U3nosn3BaH BbnpocHuK Short Form-36 Health Survey Questionnaire.

Pesynrtatn

CpepHaTa Bb3pacT Ha yuyacTHULUTE B NPOyYBaHeTo € 66.36 + 8.69 rogmHu. MbxeTe npeactasnasaT 65%
oT n3cnegBaHuTe nuua. Maumentrte c OKC n npuapy»«asala XOBb umaT no-B1COKa YectoTa Ha 3axapeH
avabet (24,7% vs 15%, NS). Mo3byHO-cboBa 60necT ce ycTaHOBsABA CbLo no-yecto B rpyna A (11,1% vs
3,7%, NS). PesyntatiuTe OT MeXOYrpynoBUAT aHaNn3 oT NPUIOXKeHNA BbMPOCHMK SF-36 3a camooLueHKa Ha
KauyeCcTBOTO Ha MMBOT, MOKa3axa CTaTUCTMYECKM 3HauMma pasnuka (p<0,05) B cpefHMTe CTOMHOCTMU B
nosi3a Ha MauMeHTUTe C OCTbP KOPOHapeH cuHApom 6e3 XOBb. [MOHMXeHOTO KauyecTBO Ha »KMBOT
Kopenvpa CUrHUPUKaAHTHO C MOHMXKeHaTa GpakumaA Ha ustnackeaHe (r=0.597, p<0.001) npu naumneHTUTe
cnpugpyxasatya XObb.

3aknioueHne

nayueHTUTe C OCTbP KOPOHapeH cMHApom npuapyxasawa XObb nmat 3HauMmo no-noLwo KauecTso Ha
XKMBOT B cpaBHeHMe c Te3un ¢ OKC 6e3 6enoapobHo 3abonssaHe.

KniouoBu AyMmun: KauecTBO Ha >KMBOT, OCTBbP KOPOHAPEH CUHAPOM, XPOHNYHA 06CTPYKTVBHA 6enoapob-
Habonect
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DISEASE — A PREDICTOR OF
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Abstract

The prevalence of chronic diseases is assuming epidemic proportions across the board. The most
common are cardiovascular, oncological, chronic respiratory diseases and diabetes mellitus (DM). Acute
coronary syndrome (ACS) in combination with chronic obstructive pulmonary disease (COPD) leads to
reduced physical capacity, low social evaluation and frequent rehospitalizations. Proper and timely
assessment of these patients would greatly improve their physical and mental status.

Aim

The aim of the present study was to assess how chronic obstructive pulmonary disease affects of life in
patients with acute coronary syndrome.

Materialsand methods

The study included 81 patients with ACS, admitted to the Cardiology Department at MHAT Dobrich AD
for a period of 48 months. The patients were divided into two groups: group A included 41 persons with
ACS and accompanying COPD, and respectively group B - 40 participants with ACS without established
lung disease. In all patients, information on risk factors was collected, a clinical examination including
electrocardiogram and transthoracic echocardiography was performed. The Short Form-36 Health
Survey Questionnaire was used to assess the quality of life.

Results

The average age of the study participants was 66.36 + 8.69 years. Men represented 65% of the subjects
Patients with ACS and concomitant COPD had a higher incidence of diabetes mellitus (24.7% vs 15%, NS).
Cerebrovascular disease was also found more frequentlyin group A (11.1%vs 3.7%, NS).

The results of the intergroup analysis of the SF-36 questionnaire for self-assessment of the quality of life
showed a statistically significant difference (p<0.05) in the mean values in favor of patients with acute
coronary syndrome without COPD. Decreased quality of life correlated significantly with decreased
ejection fraction (r=0.597,p<0.001) in patients with concomitant COPD.

Conclusion

In conclusion, the quality of life for patients with acute coronary syndrome accompanying chronic
obstructive pulmonary disease is significantly reduced compared to those without pulmonary disease.

Keywords: quality of life, acute coronary syndrome, chronic obstructive pulmonary disease
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BbBeageHne

[MoHATMeTOo ,,KauecTBO Ha *u1BoT" (KXK) e Bb-
BefeHo npe3 60-Te roanHm Ha XX Bek. IHTepecsT
Ha 06LLEeCTBOTO M Ha OOLLECTBEHNTE HayKN KbM
Hero 1 KbM npobrnemaTtukaTa, KOATO OTpa3sBa,
3anousa fla HapacTBa npe3s 70-Te rogMHN Ha Mu-
HanuMa BeK, YCNopefHo C M3cnefoBaTenckara
nporpama Ha AHryc Kem6bn [9]. ToBa e u nepuo-
[T, B KOWTO Ce 06pbLia BHMMaHUe Ha NapajiokK-
canHMA Hanpegbk Ha MeauuuHaTa — OT efHa
CTpaHa TA CnacsBa >KMBOTA Ha GOJTHUSA, HO OT JpY-
ra ToBa YecTo Ce CJlyyBa C LieHaTa Ha HeroBoTo
ObNroroguwHO BereTupaHe 1 ctpagaHue [40].
CmATa ce, Yye NMoHATMETO ,,KauyeCTBO Ha XMBOT"
MMa pasnryeH CMUCHI 3a BCeKU MHAMBUEA. To Mo-
Xe [la ce CboTHece KbM KIMHUYHUTE HOPMU —
nnnca Ha CUMNTOMM Ha 60J1ecT, KbM coLnanHuTe
HOPMU — peanusauusa Ha onpegeneHn coumanHu
pOnu, AN KbM UHAMBUAYANTHUTE — MOCTUIaHe Ha
NMYHM uenn[9].

Mpe3 1993 r. CBeTOBHaTa 34paBHa OpraHun3a-
uus obefvHABA Te3n MOHATUSA B efHa obula
feduHnuma: KXK KaTo HaumH Ha Bb3npriemaHe Ha
KMBOTA Ha MHAUBMAUTE, Ype3 NMoCTaBeHUTE OT
TAX Lenn, o4akBaHusA, CTaHgapTh u Tpesoru. Ka-
YeCTBOTO Ha XXMBOT € KOHLeNLMA OT KOMIMJIEKCHU
dakTopu: dm3nyecko 3apaBe, NCUXONTOTMYECKO
CbCTOAHME, HMBO Ha HEe3aBUCMMOCT, COLManHm
B3aMMOOTHOLLEHMA U TAXHATa Bpb3Ka C Xapak-
TEepHNUTE OCOOEHOCTM Ha OKOMHaTa cpepa [34].
EQHa oT OCHOBHUTE NMPUYMHMK 3a HaMansiBaHe
NPOABMKUTENIHOCTTA Ha XMBOTAa U B/lOLIaBaHe
KX Ha nauumeHT/Te Ca XPOHMYHNKTE 3a060/sBaHNA
[11]. PaznpocTpaHeHneTo UM npuaobuea envae-
MUYHN pa3mepu B LAn CBAT. Hali-pasnpocTtpa-
HEHN U3MeXJy TAX Ca CbPAEeYHO-CbAOBUTE
3abonsBaHuA (MMOKapAeH MHPaPKT U MO3bueH
WHCYNT), 3NI0KayecTBeHUTe 3abonABaHuA, XpPo-
HUYHUTE pecnrpaTopHX 3abonaBaHNA (XPOHNY-
Ha 06CcTpyKTMBHa 6enoppobHa 6onect (XOBB) 1
6pOoHXManHa actMa) 1 3axapHuaT grnaber [3]. Ma-
LMEeHTMTE C XPOHUYHM 3a60N1ABaHNA ca He CaMo
dur3myeckn 60MHK, HO CbLO Taka NposABABaT
NPOMEHNNB E€MOLIMIOHANEeH CTpec U umat no-
HUCKA CaMOOLIeHKa 3a KayeCTBO Ha >KMBOT B
CpaBHeHMe CbC 3apaBaTta nonynauua [27]. Bb3-
npuATUATa Ha NauuMeHTUTe 3a 34paBe U Bb3-
LEeNCTBNETO Ha NIeYEHNETO BbPXY eXKeHEBHOTO
UM GU3NYECKO M NCUXO-COLMANHO GYHKLMOHM-
paHe n Gnarononyuyne MoXe [a AaAe BakHa
MHPOpMaLMA Ha KnuHuumctute [22]. MHankKaTo-
puTe 3a KauyecTBO Ha »KMBOT NnomaraT fa ce
OTroBOPM Ha BbMNpOCa anu fieyeHreTo Boan 10
No-A06bp XKMBOT Ha XPOHUYHO 60nHUTE NnLa [4].

OcTpuAT KopoHapeH cnHgpom (OKC) e egHa
OT BOAeLunTe NPUUYUHM 3a CMBbPTHOCT B bbnra-
pua n ceeta [13]. Mo gaHHM Ha HauuoHanHusa
CTaTUCTUYECKN MHCTUTYT 3a 2022 . noynHanuTe
oT OKC B cTpaHaTta ca 84.8 Ha 100 000 gywm
HaceneHwue [5]. EgHa OT npuymnHnTe 3a BUCOKaTa
CMDBPTHOCT NPU Te3U NaLUEHTN € HATMYMETO Ha
MHOECTBO XPOHMNYHM 3a00/ABaHNA.

XpoHuuyHaTa o6CTpyKTUBHa GenoapobHa
6onect n ncxemmnyHata 6onect Ha cbpueto (MBCQ)
cnopenaT obwm puckosm Gpaktopu, natopusmo-
NOTVYHU MEeXaHU3MU, KIUHUYHW NpU3HaUun u

Introduction

The term "quality of life" (QoL) was introdu-
ced in the 1960s. The interest of society and
social sciences in it and in the issues it reflects
began to grow in the 1970s of the last century,
parallel to the research program of Angus Camp-
bell [9]. This is also the period which attention is
drawn to the paradoxical progress of medicine -
on the one hand, it saves the life of the patient,
but on the other hand, this often comes at the
cost of his long vegetation and suffering [40].
The concept of "quality of life" is believed to
have a different meaning for each individual. It
can related to clinical norms - absence of disease
symptoms, to social norms - realization of certain
social roles, or to individual norms - achievement
of personal goals [9].

In 1993, the World Health Organization com-
bined these concepts into a common definition:
the QoL as a way of perceiving individuals' live
through the goals, expectations, standards and
concerns they set. Quality of life is a concept of
complex factors: physical health, psychological
state, level of independence, social relationships
and their relationship with the characteristic
features of the environment [34]. One of the
main causes of decreased life expectancy and
worsening the QoL of patients are chronic
diseases [11]. Their spread is taking on epidemic
proportions worldwide. The most prevalent
among them are cardiovascular diseases (myo-
cardial infarction and stroke), malignant disea-
ses, chronic respiratory diseases (chronic obs-
tructive pulmonary disease (COPD) and bron-
chial asthma) and diabetes mellitus (DM) [3].
Patients with chronic diseases are not only physi-
cally ill, but also exhibit variable emotional
distress and have lower self-reported quality of
life compared to the healthy population [27].
Patients' perceptions of health and the impact of
treatment on their daily physical and psychoso-
cial functioning and well-being can provide
important information to clinicians [22]. Quality
of life indicators help answer the questions of
whether treatment leads to a better life for
chronicallyillindividuals [4].

Acute coronary syndrome is one of the lea-
ding causes of mortality in Bulgaria and the
worldwide [13]. According to data from the Na-
tional Statistical Institute for 2022, the number of
deaths from ACS in the country is 84.8 per
100,000 population [5]. One of the reasons for
the high mortality in these patients is the
presence of many chronic diseases.

Chronic obstructive pulmonary disease and
coronary heart disease (CHD) share common risk
factors, pathophysiological mechanisms, clinical
signs and symptoms. They act synergistically as



cumnTomm. Te iecTBaT CUHEPrMYHO KaTo OTpu-
LaTesIHM NPOrHocTnYHU paktopu [25]. Cnopen
npoyuBaHeto TORCH (TOwards a Revolution in
COPD Health) HannuneTto Ha 6enoapobHO Cbp-
ue, NeBOCTpPaHHa CbpAeYHa HeJoCTaTbYyHOCT
WSV HEBPOJIOMMYHM 3a60/151BaHA Ce acoLmmpa C
Mo-IoLWM NOKa3aTeNn BbB BCUYKU KpPaliHM TOUYHN
B MU3C/iefBaHaTa KoxopTa nayueHtn ¢ XObb [33].
EpHa oT Hal-uecTo cpelyaHuTe nocneauuy ot
nporpecuaTa Ha XObb e OKC [12].

B bbnrapusa npn 73,5 % ot naumeHTtn ¢ XObb
Ce yCTaHOBfIBa CbPAEYHO-CbOBO 3abonaBaHe
(CC3) [31]. KombrHaumATa OT NPUNOKpPMBaLLM Ce
CUMMNTOMM KaTo 3afyX W fecHa ymopa 3Hauu-
TeJIHO B/IOLLIABAT KaYeCTBOTO Ha XMBOT NPU Te3n
60nHU. M3cnegBaHUsTa NokasBeart, Ye nNpu nayu-
€HTN C XPOHMYHa OOCTPYKTVBHa bGenoppobHa
60necT 1 neBoKaMepHaTa AUCOYHKLMA UMa
MOBMLUEHN HUBA Ha Jenpecus M TPEBOXKHOCT
[24]. CnmnTOMKTE Ha TPEBOXHOCT BK/IOYBAT U1
XVNnepBeHTUNaLUKMATa, KOETO BOAW A0 OOMbIIHU-
TeSIHO BJIOLWIABaHe Ha aucnHeaTa u Gusmnyeckna
TonepaHc [29]. NpoyyBaHuA, uscneasalym B3a-
umoBpb3KaTa Mexay KX u cumntomute npwu
nauuneHTn ¢ XObb ycTaHOBABAT, Ue Te 3aBUCAT OT
coumopemorpadcku dakTopu, TIOTIOHOMNYLLIEHE 1
Hanunume Ha CC3[7].

KonnyectBeHaTta oueHKa Ha KauyecTBOTO Ha
XnBoT npu nauneHtn ¢ OKC n XOBb e n3cnea-
BaHa B MHOrO CTpaHu, Ho B bbnrapma npoyusa-
HUATA B Ta3n 06M1acT ca orpaHuyeHu. Llenta Ha
HaCTOAWOTO U3CNefBaHe e fa OLEeHU Kak Xpo-
HUYHaTa obcTpyKTUBHa GenopgpobHa 6onect
MoOBMIMABAa KaueCTBOTO Ha XMBOT MPWU NauueH-
TUTE COCTBP KOPOHAPEH CUHIPOM.

Marepuan v meToan

MN3cnepBaHeTo obxBalla obuwo 81 nocnepo-
BaTeSIHM MaumMeHTV OT ABaTa Mona, AMarHoCTu-
umpaHu ¢ OKC n xocnutanusnpaHu B UHTEH3MB-
HUA CEKTOp Ha OTAeNeHMeTO Mo KapAmonorusa
kbM MBAJ1 Iobpuy ALl 3a nepurog ot 48 meceLa.
WN3cnepBaHeTo e nonyunno ogobpeHmne ot Komu-
CUATa MO eTMKa Ha HayyHUTe u3cneBaHuA Ha
MepgunumnHckm yHmuBepcuTeT BapHa (No 84/ 27.06.
2019) v e B cboTBeTCTBUE C XeN3UHKCKaTa AeKna-
pauus. lNpoyuBaHuWTe NKLa Ca pa3fesieHn Ha ABe
rpynu B 3aBUCUMOCT OT Ha/IMYMETO WM He Ha
npeaBapuTeENHO aMOYNaTOPHO AMArHOCTULN-
paHa XObb. pyna A Bkntousa 41 naymeHtn c OKC
n XOBb, a rpyna b cbotBeTHO 40 naymeHTa c OKC
6e3 XObb. Kbm ToBa onpegeneHve cnagaT nuua
Hag 18- rogmiuiHa Bb3pacT, Aanu CbrnacnueTo cn
Ja y4yacTBaT B MPOYYBAHETO M OTroBapALM Ha
KNUHUYHWTE XapaKTepUCTUKU 3a HecTabuiHa
aHrnHa nektopuc (HAI), MmokapaeH UHpapKT
6e3 ST-eneBauust (NSTEMI) n ocTbp MHPAPKT Ha
MrOKapga c eneBauua Ha ST cermeHTa (STEMI).

Mpwn BCMYKM NaLMeHTV e NPOBEAEHO MbJIHO
KIMHWYHO obCnefiBaHe, KOETO BKJIHOUBA aHaM-
HECTUYHU U KIVUHUYHW [aHHKW, onpefdenaHe Ha
CbpPAEYHO-CbAOBMA PUCKOB NPOGUA U KINHA-
yeH nperneq. OT npuapyKaBallata MeanUMHCKa
JOKyMeHTauma e nonyyeHa uHbopmauma 3a
npugpyxasalata XObb - gaBHocT, 6poli ek3a-
uepbauuy rogulLiHO, CNMPOMETPUYHO U3cnea-

negative prognostic factors [25]. According to
the TORCH (TOwards a Revolution in COPD
Health) study, the presence of pulmonary heart,
left-sided heart failure or neurological diseases
was associated with worse outcomes in all
endpoints in the studied cohort of patients with
COPD [33]. One of the most common conse-
quences of COPD progressionis ACS[12].

In Bulgaria, 73.5% of patients with COPD are
diagnosed with cardiovascular disease [31]. The
combination of overlapping symptoms such as
shortness of breath and easy fatigue significantly
worsens the quality of life for these patients.
Research has shown that patients with chronic
obstructive pulmonary disease and left ventricu-
lar dysfunction have increased levels of depres-
sion and anxiety [24]. Symptoms of anxiety also
include hyperventilation, which leads to further
deterioration of dyspnea and physical tolerance
[29]. Studies examining the relationship bet-
ween QOL and symptoms in patients with COPD
have found that they depend on sociodemogra-
phic factors, smoking and the presence of
cardio-vasculardisease[7].

Quantitative assessment of the quality of life
in patients with ACS and COPD has been studied
in many countries, but in Bulgaria studies in this
area are limited. The present study aims to
compare the self-report of patients with ACS and
COPD versus individuals with ACS without con-
comitantlungdisease.

Materialand methods

The study include 81 consecutive patients of
both sexes, diagnosed with ACS and hospitalized
in the intensive care unit of the cardiology de-
partment at MHAT Dobrich AD for a period of 48
months. The study was approved by the Re-
search Ethics Committee of Varna Medical Uni-
versity (No. 84/ 27.06.2019) and is in accordance
with the Declaration of Helsinki. The study
subjects were divided into two groups depen-
ding on the presence or absence of previously
diagnosed outpatient COPD. Group A included
41 patients with ACS and COPD, and group B 40
patients with ACS without COPD, respectively.
The definition include individuals over 18 years
of age who consented to participate in the study
and met the clinical characteristics for unstable
angina pectoris (UAP), non-ST-segment eleva-
tion myocardial infarction (NSTEMI) and ST-seg-
ment elevation acute myocardial infarction
(STEMI).

All patients underwent a complete clinical
examination, which included anamnestic and
clinical data, cardiovascular risk profile determi-
nation, and clinical examination. Forthe accom-
panying medical records, information was obtai-
ned about COPD - duration, number of exacer-
bations per year, spirometric examination and
classification according to the Global Initiative
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BaHe 1 Knacuduumpare cnopepn Global Iniative
for Chronic Obstructive Lung disease (GOLD)
[37]. AHamHe3aTa 3a pamuiHa 06pPEeMEeHEHOCT 1
npoBexjaHaTa B MOMEHTa Ha nperneaa ambyna-
TOPHA Tepanus ce AOKYMEHTUPa CbC CTaHAAPTHO
WHTEPBIO.

Bcvukn naumeHTV nombiHMXa Hecneundu-
yeH 061 BbMPOCHNK 3a U3CNiefiBaHe Ha 34paBeH
ctatyc Short Form -36 Health Survey Question-
naire — SF-36v2. To BkntoyBa 11 Bbnpoca, Kouto
CbAbpKaT 36 TBbPAEHNA, JaBally Bb3MOXHOCT
[la ce oUeHAT ABe M3MepeHua Ha GYHKLMOHU-
paHe Ha n3cneaBaHmTe niua — GU3NYECKO Y MeH-
TanHo. ®U3nyYecKoTo N3MepPEHME BKIIOUBA YETU-
pu obnacTtu: dpusnyecko dyHKLMoHMpaHe (physi-
cal functioning - PF); orpaHnyaBaHe B couuan-
HUA XNBOT BCNIEACTBUE OT GU3MYECKU Npobnem
(role limitation due physical problems -RP);
6onka (body pain — BP). MeHTafIHOTO CbCTOsAHME
Ha MaUMeHTUTE ce OLEeHA Ype3: coumnanHo GyHK-
umnoHupaHe (social functioning - SF); camooueH-
Ka Ha ncuxmyeckoTo 3gpase (mental health -
MH); orpaHnyeHve B coumnanHua >KMBOT B Clnepc-
TBME Ha EMOLMOHANHOTO CbCToAHMe (role limita-
tion due to emotional problems — RE); xu3He-
HOCT, BUTanHocT (vitality — VT) 1 o6wwo Bb3npusa-
Tne 3a 3gpaBeTo [39]. AHaNM3bT Ha KauecTBOTO
Ha »KMBOT Ha ¢ SF-36Vv2 ce oCHOBaBa Ha OTHECEHN
KbM HopMaTa oueHKM (Norm-Based Scores - NBS)
U34NCNEHN B CbOTBETCTBUE C YKa3aHUATA 3a 13-
Mon3BaHeTo Ha 6birapckaTa BEPCUsi Ha BbMNPOC-
Huka SF-36v2 (Quality Metric Inc.). Pesyntatute
ca TpaHchopmMmpaHn B ckana ot 0 go 100, kKaTto
Mo-BUCOKMAT pe3ynTaT Noka3sa no-fo6po Kaue-
CTBO Ha XmnBoT[7,39].

M3non3BaHn ca cnegHuTE UHCTPYMEHTasHU
meToau:

— eneKkTpokapamorpama ¢ enekTpokapamo-
rpa¢ Contec ECG 1200 G 3a npocnegaBaHe 13s-
BaTa Ha PUTBMHO-NPOBOAHY HAPYLUEHNA U NPO-
MeHU B penonapu3saumsTa.

- TpaHCTopakasiHa exokapaunorpadusa ¢ ana-
pat Esaote MyLabSix 3a oueHKka Ha ppaKkLmATa Ha
n3tnackeaHe (OW) Ha naBa Kamepa cnopep npe-
NopbKMUTE Ha eBPOMENCKOTO [PYXecTBO Mo
exokapaunorpadua[19].

— GyHKUMOHaNHO n3cneaBaHe Ha AnLLaHeTo C
anapaT Medical International Research Ill. LlenTa
e fa ce onpepnenu GopcupaHus BUTasneH Kanawm-
TeT (DBK%), popcrpaHma ekcnmpaTopeH obem
3a 1 cekyHga (DEO1%), KakTO 1 CbOTHOLLEHMETO
OEO1/OBK no ctaHgapT3MpaHa MeToaMKa Cbr-
NacHO aKTyanm3vaHuTe npenopbKkuTe Ha ATS,
15-30 MuHyTK cnep 6poHxogunataums ¢ 400 ug
Salbutamol [30].

CraTcTnyeckaTa 06paboTka Ha AaHHWTe ce
M3BBbPLM C MOMOLUTA Ha copTyepHa nporpama
SPSS mac OS 10.15. Mil3non3BaH e geckpuntmBeH
aHanm3 3a YecTOTHO pa3npefeneHne Ha pas-
rnexzgaHuTe npusHaun. CpefjHa CTOMHOCT CbC
CTaHOAPTHO OTKJIOHEHME 3a OMMcaHne Ha npo-
ObIKUTeNHUTe NnpoMeHnunamn n Student t — Tect
3a NPOBEpKa Ha XMNoTe3nTe 1 3a BPb3Ka Mexay
KaTeropumHmute nprsHaun. KopenaymnoHeH aHa-
NN3 Ce M3BbPLUK C MOMOLLTA Ha KoeduLieHTa Ha

for Chronic Obstructive Lung disease (GOLD)
[37]. A history of family burden and the outpa-
tient therapy at the time of the examination is
documented with a standard interview.

All patients completed a non-specific Short
Form -36 Health Survey Questionnaire — SF-36v2.
It includes 11 questions that contain 36 state-
ments, giving the opportunity to evaluate two
dimensions of functioning of the examined
persons — physical and mental. The physical
dimension includes four areas: physical functio-
ning (PF); limitation in social life due to a physical
problem (role limitation due physical problems -
RP); pain (body pain - BP). The mental state of the
patients is evaluated by: social functioning (SF);
self-assessment of mental health (MH); role limi-
tation due to emotional problems (RE); vitality
(VT) and general perception of health [18]. The
analysis of the quality of life with the SF-36v2 is
based on norm-based scores (NBS) calculated in
accordance with the guidelines for the use of the
Bulgarian version of the SF-36v2 questionnaire
(Quality Metric Inc.). Scores were transformed to
a scale of 0 to 100, with a higher score indicating
better quality of life[7,39].

The following instrumental methods were
used:

- electrocardiogram with a Contec ECG
1200G electrocardiograph to monitor the occur-
rence of rhythm-conduction disorders and chan-
gesinrepolarization.

- transthoracic echocardiography with an
Esaote MyLabSix device was performed in all pa-
tients to assess left ventricular ejection fraction
(EF) according to the recommendations of the
European Society of Echocardiography [19].

- functional examination of breathing with a
Medical International Research Ill device. The
aim is to determine the forced vital capacity
(FVC), the forced expiratory volume in 1 second
(FEV1%), as well as the FEV1/FVCratio according
to a standardized methodology according to the
updated recommendations of the ATS, 15-30
minutes after bronchodilation with 400 pg of
Salbutamol [30].

Statistical data processing was performed
using a software program SPSS mac OS 10.15
software program. A descriptive analysis was
used for frequency distribution of the consi-
dered traits. Mean value with standard deviation
for description of prolonged variables and Stu-
dent t - test to test hypothesis t and to link
between category signs. Correlation analysis
was performed using Pearson's coefficient for
two integral variables. For significance level and



MUbpCbH 3a ABE UHTErpanHy NPOMeHInBK. 3a
H/BO Ha 3HAYMMOCT N OTXBbPJIAHE Ha HyneBaTa
xXmnoTesa ce n3bpap <0,05.

Pesyntatnmob6cbxgaHe

KnMHNYHOTO n3cneaBaHe BKIOYBA 0610 81
nauveHTa Ha cpefHa Bb3pacT 66.36 = 8.69 r.
[pyna A ce cbctom oT 41 NaymeHTa - CbOTBETHO
39 % (n=16) xeHn n 61% (n=25) mbxe. [pyna b
BknouBa 40 nvua pasnpegeneHu no non - 35%
(n=14) »eHn n 65 % (n=26) mbxe. CbOTHO-
LUEHMETO MbXKesKeHN e 2:1 C npeBec Ha MbXKKK1A
non, KOeto ce MOTBbPXKAABa M OT NMOBEYeTo
ronemMu CTyaumn uscneaBanu nofgobHa KoxopTa
naumeHTn [35].

Couno-gemorpacdcKkarta XxapakTepucnTKa Ha
WHAMBMAA 3HAUNTENHO MNOBNMABA KAYECTBOTO My
Ha XMBOT. Hanuue ca MHOXecTBO nybnukaumu,
OMnCBaLLM HeraTMBHATa KopenaunuoHHa Bpb3ka
MeXJY HUBOTO Ha 06Pa30BaHOCT, pa3no3HaBaHe
Ha cumnTomuTe Ha OKC 1 pecnekTUBHO MO-1o-
LIOTO KayecTBO Ha »*uBoT [15, 21]. B uscnensa-
HaTa OT Hac nonynayua yctaHoBuxme, ye 78%
(n=32) oT nauneHTMTe OT rpyna A ca C OCHOBHO
obpa3oBaHve B CpaBHeHUe ¢ 65% (n=26) ot
rpyna b, (p=NS). MNpn nauneHTuTe ¢ OKC 6e3
XOBb gentt Ha cpegHO 06pa3oBaHK e No-rofiam
(30% vs 19,5%, NS) KakTo 1 Ha nuuaTa C BUcCLe
0b6pa3oBaHme CboTBETHO (5% Vs 2,5%, NS).

PrnckoBaTa xapakTepncTMka Ha naymeHTute
3a McxeMnyHa 6onecT Ha CbpLEeTo 1 NPUAPYKa-
BaWuUTe 3abonABaHNA Ca NpeACcTaBeHN Ha Tab-
nmual.

Ta6n. 1. PuckoBa xapakTepucTuka Ha naumentute 3a /1bC
1 Npuapy»aBalLn 3a60nABaHuA oT ABeTe rpynu.

TpynaA Tpyna b
(n=41)(%) | (n=40)(%)

-
0.374

123% 14.8%
[ -ve [ 507% 45,7%
0.255

Iwcnunupemna

3abonaBanua
Mo3buHo-cbaosa Gonecr  [III% ] 37%  [BN0:207 |

N3BecTHO, e ue eiH OT OCHOBHUTE PUCKOBY
dakTopm 3a pas3BuTMe KakTo Ha OKC, Taka 1 Ha
XOBb e ToTIOHONYWeHeTo [35]. [poyyBaHe, npo-
BefeHo B bbnrapua yctaHoBABa HoBOAMArHOC-
TruumpaH XOBb npu 51,6% oT nscnegsaHuTte ny-
waum [18]. Cnopep aaHHM Ha C30 puckbt oT OKC
HapacTBa [IByKpaTHO Npu NnLa C Ab/rorogmilHa
€KCrno3numa Ha LMrapeH gUm B CpaBHeHue ¢
obuiata nonynauua [41]. B HaweTo npoyyBaHe
YCTaHOBWXME MO-TofIsiM MPOLEHT NyLlayn B rpy-
nata 6e3 npuapyxasawa XOBbb B 39.5% (n=32),
cpaBHeHMe ¢ 37% (n=30) oT nnuaTa OT rpyna A,
p=NS. KaTo 6rBWY Nywaumn ca ce onpegenuu
12.3% (n=10) nuua ot rpyna An 14.8% (n=12) ot
rpynab, (p=0.3746).

Ot npuapyaBawuTe 3abonsABaHNA Bnevat-
NeHne NpaBy No-ronAamarta YecToTa Ha 3axapHus
anabettvn 2 (3M) (24,7% vs 15%, NS) 1 Mo3bUHO-
cbpoBata 6onect (MCB) (11,1% vs 3,7%, NS) npwu

rejection of the null hypothesis, p<0.005 was
chosen.

Resultsand discussion

The clinical study included a total of 81
patients with a mean age of 66.36 + 8.69 years.
Group A consisted of 41 patients - respectively
39% (n=16) women and 61% (n=25) men. Group
B comprised 40 individuals stratified by gender -
35% (n=14) women and 65% (n=26) men. The
male:female ratio is 2:1 with a male predomi-
nance, which is also confirmed by most large stu-
dies examining a similar cohort of patients [35].

An individual's socio-demographic characte-
ristics significantly influences their quality of life.
There have been numerous publications descri-
bing the negative correlation between the level
of education, recognition of ACS symptoms and,
respectively, poorer quality of life [15, 21]. In our
study population, we found that 78% (n=32) of
patients in group A had primary education
compared to 65% (n=26) in group B, (p=NS). In
patients with ACS without COPD, the proportion
of those with secondary education was higher
(30% vs 19.5%, NS) as were well as those with
tertiary education (5% vs 2.5%, NS), respectively.
The risk characteristics of patients for coronary
heart disease and comorbidities are presented in
Table 1.

Table 1. Risk characteristics of patients for CHD
and accompanying diseases in both groups.

Group A Group B
(n=41)(%) | (n=40) (%)
Risk factors for CHD
Arterial Hypertension 98.7% 100% 0.350

39.5% -
0.374

3% | 148%
50.% | 45.7%
Dyslpidemia 0255

diseases
Diabetes mellitus type 2

Itis known that one of the main risk factors for
the development of both ACS and COPD is smo-
king [35]. A study conducted in Bulgaria found
newly diagnosed COPD in 51.6% of the exami-
ned smokers [18]. According to WHO, the risk of
ACS increases twofold in individuals with long-
term exposure to cigarette smoke compared to
the general population [41]. In our study we fo-
und greater percentage of smokers in the group
without concomitant COPD - 39.5% (n=32)
compared to 37% (n=30) of group A subjects,
p=NS. 12.3% (n=10) persons from group A and
14.8% (n=12) from group B identified themsel-
vesasformer smokers (p=0.3746).

Of the comorbidities, the higher incidence of
type 2 diabetes mellitus (DM) (24.7% vs 15%, NS)
and cerebrovascular disease (CVD) (11.1% vs
3.7%, NS) in patients with concomitant COPD
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nauueHTuTe ¢ Nnpuapyasala XObb. KoHcTaTu-
paHWTe OT Hac pe3ynTati, OTHOCHO 3[] ce no-
TBbPXKAaBaT M OT ApPYyro nofobHo npoyuBaHe
nposeneHo B bvnrapua [23]. PeTpocnekTuseH
aHanu3, n3cneaBall B3aMMOBPb3KaTa Mexay
XOBb 1 pa3nMyHY KOMOPOULHOCTK, YCTAHOBABA
ye MaUMEHTUTE C AuxaTenHaTa ob6CTpyKUMA ca C
noBuLLIEH PUCK 3a pa3suTue Ha 3[ - 18,7%, B
cpaBHeHue ¢ 10,5% o1 obwaTa nonynauwma [10].

CnctemaTnyeH aHanms3 Ha nuTepaTypaTa no-
ka3Ba XObb kaTo He3aBMCcKMM pucKoB $aKTop 3a
pa3sutne Ha MCbB (HR, 1.30; 95% Cl, 1.18-1.43;
p<0.001) [42]. B HaweTO NnpoyyBaHe YCTaHOBMX-
Me TPMKPATHO MO-BUCOK PUCK 3a Pa3BUTME Ha
MCB npv naumeHTUTE C OCTHP KOPOHAPEH CUHA-
pom u npuapyKaBalo 6enonpobHo 3abona-
BaHe.

Bcnukn naumeHntn ¢ npugpyxasawa XObb
6s1xa cTpaTUdULUPaHn Cnopes akTyanHUTe npe-
nopbKy 3a gnarHoctunka [37]. Ot nposefeHoTo
NOCTOPOHXOAUNATATOPHO GYHKLMOHANHO ©3-
cnefBaHe Ha AMLIAHETO Ce YCTaHOBM cpefHa
ctoHocTHa ®EO1-52,52 %+15,70.CteneHTa Ha
6poHxranHaTa oOCTpyKUMA e B NpsKa 3aBUCU-
MOCT C HamalfiBaHe MPOAb/IKUTENTHOCTTa U
KayecTBOTO Ha XMBOT Ha 6onHuTte ¢ XOBb [29].
Cnopen knacuéukauymsata no GOLD Hawwute
nauueHTn ce pasnpeaensaT CbOTBETHO: B MbpBY
cTagun - 2%, BbB BTOpU - 44%, B TpeT - 39% n B
YeTBbPTU CTagMin ca guarHocTuumpann 15% -
durypal.

rPYNA A -NMAUMEHTU C OKCU XOBb

| ctagnn

IV ctagnn
A 2%

15%

Il ctaguin

44%

Our. 1. Pa3npesenenue Ha naumnenTute ¢ XOBb cnopen
knacudmkaumata no GOLD.

ToBa CbOTHOLIEHNE Kopenupa C pasnpege-
neHveTo Ha naumeHtTute ¢ XOBb B lMneBeHcKn
pervioH [17]. Opyr BaxkeH dakTop, NoBnusABaLy,
HeraTMBHO KaueCTBOTO Ha »KMUBOT NP NaLUeHTH
c 6enoapobHo 3ab0NABaHe e YecToTaTa Ha eK3a-
uepbaunnTe roguwHo [6]. BonHUTe ¢ NoBeyve oT
[Be ek3auepbauun B npeaxogHute 12 meceua
WA efHa XOCNUTanM3auus, ca ¢ NOBULLEH PUCK
OT eK3auepbauus, npes cneasalluTa egHa rogu-
Ha [38]. B HaweTo npoyuBaHe npu 58,60 % (n=24)
oT nauyveHtuTe ¢ XObb ce yctaHoBMxa Hag aBe
eK3auepbaunv roguwHo, Hanaralm XocnuTanm-
3auma n nop egHa npu 41,40% (n=17), (p=NS).
OueHKa Ha cTeneHTa Ha 3ayxa Cce U3BbpLu upe3
moanduumpaHa ckana — modified Medical Re-
search Counci (mMRC) [2]. Pa3npeneneHneto
crnopep cTerneHTa Ha AUCNHea 1 6pos ek3saLep-
6auuu e npeacTaBeHo Ha dpurypa 2.

was striking. Our findings on DM are confirmed
by another similar study conducted in Bulgaria
[23]. A retrospective analysis examining the as-
sociation between COPD and various comorbidi-
ties found that patients with airway obstruction
were atincreased risk of developing DM - 18.7%,
compared to 10.5% of the general population
[10].

A systematic review of the literature showed
COPD as an independent risk factor for the
development of CVD (HR, 1.30;95% Cl, 1.18-1.43;
p<0.001) [42]. In our study, we found a threefold
higher risk of developing CVD in patients with
acute coronary syndrome and accompanying
lungdisease.

All patients with concomitant COPD were
stratified according to current diagnostic recom-
mendations [37]. The post-bronchodilator func-
tional respiratory examination revealed a mean
FEO1 value of 52.52%+15.70. The degree of
bronchial obstruction is directly correlated with
a reduction in the duration and quality of life of
COPD patients [29]. According to the GOLD clas-
sification our patients are distributed respective-
ly: in the first stage - 2%, in the second - 44%, in
the third - 39% and in the fourth stage 15% were
diagnosed-Figure 1.

GROUP A - PATIENTS WITH ACS AND COPD

Il stage
44%

Fig. 1. Distribution of COPD patients according to the
GOLD classification.

This ratio correlates with the distribution of
COPD patientsin the Pleven region [17]. Another
important factor negatively affecting the quality
of life in patients with lung disease is the annual
exacerbations rate [6]. Patients with more than
two exacerbations the preceding 12 months or
one hospitalization have at increased risk of
exacerbation during the following year [38]. In
our study, 58.60% (n=24) of COPD patients had
more than two exacerbations per year requiring
hospitalization and less than one in 41.40%
(n=17), (p=NS). Assessment of the degree of dys-
pnea was performed using a modified Medical
Research Council (mMRC) scale [2]. The distribu-
tion according to the degree of dyspnea and the
number of exacerbations is presented in Figure
2.



PasnpeaeneHune cnopep 6poii Distribution according to number
eKk3sauep6auum n mMRC of exacerbations per year and mMRC

70% 70%

original articles

CHRONIC OBSTRUCTIVE PULMONARY
DISEASE — A PREDICTOR PF IMPAIRED
QUALITY OF LIFE IN PATIENTS WITH
ACUTE CORONARY SYNDROME

Thoracic Medicine
Volume XIII, Issue 2
June 2024

noa 2 Hapa 2 noa 2 Hap 2

M (reneH Ha ancnHes

bpoit ex3auepbavuu
cnopes nMRC

roAnLHoO

Our. 2. Pasnpepenexue Ha naunentute ¢ XOBb cnopes 6poii
eka3allepbaunm 1 creneH Ha aucntes cnoped mMRC ckanata.

Pexocnutanusauynnte npu naymeHTuTe C
XPOHWYHM 3a00NABaHUS NMOBULIABAT pa3xogmTe
Ha 34paBHaTa CMCTEMa U BIOLIABaT KayeCTBOTO
Ha XMBOT. B HaweTo n3cneaBaHe yCcTaHOBUXME,
ye nauueHtTute ¢ XOBb ca u3noXeHnm Ha no-
BMCOK PUCK OT pexocnutanusauymsa rno nosoj
MBC BbB BCMUKMTe 1 dopmn. 3a nepuoda Ha
npocnegsasaHe ot 12 mecela, yCTaHOBMXME MO-
BMCOKa YeCToTa Ha xocnuTtanusauum npu 29,6%
(n=24) oT naumneHTUTE OTrpyna A B CpaBHeHMe C
17,3% (n=14) otrpynab, (p=0.121)-dwurypa 3.

CpaBHeHuMe Ha rpynuTe cnopep 6pon
pexocnutanusauum 3a UbC

25
20
15

10
5
0

[pyna A
nauuentn ¢ OKC n XObb

[pyna b
nauuentn ¢ OKC 6e3 XObb

Pexocnutanuzauum UbC
M HAma
M efHa

1Be
M pu

Our. 3. (paBHeHue cnopef 6poii pexocnuTan3aLyn no noBog
bC Ha nauuenTuTe ot rpyna A v rpyna b.

MNpe3 nocnegHnTe roanHW B CBETOBHATA NN-
TepaTypa ce 06pblia BCe MO-rOfAsMO BHUMaHWeE
Ha TecToBeTe CBbP3aHM C KaueCTBOTO Ha XUBOT
Ha 6onHuTe ¢ XOBb [34]. CouunanHaTa nsonauus,
BMOLLaBallaTa ce AUCMHeA, KaxeKcmaTa 1 Hapy-
weHnA GM3MYecKn KanaumTeT ca camo yacT OT
NPUYMHNTE 3a HUCKATa CaMOOLieHKa npu Tesun
605HU [26]. CucTEMATNUEH NITepaTypeH 063op
3a KX npu naymenTn ¢ OKC, noka3sa 3Haunten-
HO Noao6psiBaHe Ha MEHTANHOTO U GU3NYECKOTO
34paBe cnep peBacKynapuvsauma npu Tesmn nnua
[20]. MHOro manko ca Npoy4YBaHUATa CpaBHABa-
wu KX npu naymeHtnte ¢ OKC n XObb B
cpaBHeHMe c Te3r 6e3 XObb. 3a uenTta Ha HalLeTo
n3cnepBaHe m3nonsaxme SF-36 BbNPOCHWK 3a
CaMOOL|eHKa Ha KayecTBO Ha MBOT. 3HauMma
CTaTUCTUYECKa pa3fivika MeXay ABeTe rpynm nma

B Stage of dyspnea
according to nMRC

Number of exacerbations
per year

Fig. 2. Distribution of COPD patients according to number of
exacerbations and grade of dyspnea according to the mMRC scale.

Rehospitalizations among patients with
chronic diseases increase the costs of the health
care system and worsen the quality of life. In our
study, we found that patients with COPD are at a
higher risk of rehospitalization for CHD in all its
forms. For the follow-up period, we found a
higher frequency of hospitalizations in 29.6%
(n=24) of patients in group A compared to 17.3%
(n=14)ingroupB, (p=0.121) - Figure 3.

Comparison of groups according to
number of rehospitalizations for IHD

25
20
15
10
5
0
Group A Group B
patients with ACS and COPD patients with ACS
without COPD
Rehospitalizations for IHD
M None
M One
Two
M Three

Fig. 3. Comparison according to the number of rehospitalizations
due to CHD of patients from group A and group B.

Inrecent years, tests related to the quality of
life of COPD patients have received increasing
attention in the world literature [34]. Social
isolation, worsening dyspnea, cachexia and
impaired physical capacity are only some of the
reasons for low self-esteem in these patients [26].
A systematic review of the literature on QoL in
patients with ACS showed a significant improve-
ment in mental and physical health after revas-
cularization in these individuals [20]. Very few
studies have compared QOL in patients with ACS
and COPD compared with those without COPD.
For the purpose of our study, we used the SF-36
Self-Assessment Quality of Life Questionnaire.
There is a significant statistical difference bet-
ween the two groups in the subsection "General
Health". Patients in group A rated their health
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B nogpasgen Ha ,,06wo 3gpase”. MNauneHTnTe B
rpyna A ca oLeHuI HeraTBHO CBOETO 3[PaBo-
CNOBHO CbCTOSIHME CbC CpefeH pesyntat oT
45,48 +£22.60 TOUKM B CpaBHeHMe crpynab-71.5
+ 10.91 Toukm (p < 0.0001). OuakBaHo dusnyec-
KaTa aKTMBHOCT € CUJIHO pefyuupaHa npwu
nuuata c npugpy»kasawa XObb -46,85+27.31T,,
cnpamo Te3n camo ¢ OKC - 80,13 £ 15.65 T. (p <
0.0001). e cTygumn ycTtaHOBABAT, Ye BPEMETO,
npekapaHo B JieKn [0 yMepeHu ¢uramyecku
JeHOCTM M NOAJBMMHOCTTa Ca HaManeHu npu
naymneHTnte ¢ XObBb B CcpaBHeHMe CbC 3gpaBu
KoHTponu [14, 36]. Apyr cuctemeH 0630p, GoKy-
cupaH Bbpxy naumeHTn ¢ XOBB, cbobuyasa 3a
yecToTa Ha genpecus mexgy 37% u 71%. Coyu-
AT aBTOPCKM KOJIEKTUB YCTaHOBABA YecToTa Ha
TPeBOXKHOCT Mexay 50% un 75%, kouTo ca cpa-
BHVIMM UAN OPU MO-BUCOKU OT YecToTaTa Ha Te-
31 CbCTOAHUA NPU JPYr CbMBTCTBALLM 3a6ons-
BaHMA KaTo Heomniasmu, CUHAPOM Ha npugobu-
TaTa UMyHHa HegocTaTbyHOCT M CC3[16,32]. Hne
YyCTaHOBMXME MaKap 1 Manka 3Haurma pasfvka B
oueHKaTa Ha MCUXMYHOTO 3[paBe Mnpu ABeTe
n3cnenBaHu rpynm, cbotsetHo 48,33 £17.421.3a
rpyna A un 49 £ 16.78 7. 3a rpyna b (p = 0.0473).
EMoOLMOHaNHO No-cTabunHm ca ce oueHunn na-
uneHTUTe 6e3 nprapyxasawa XOBb - ¢urypa 4
n5.

lpyna A - naymeHnTu ¢ OKC n XObb
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QU3MNeCcKE  Gr3p  KUBHEHOCT  qp3c  COLMAIHA  qp3¢ 060

AKTUBHOCT eyyoypoHanta noxnuro  KTUBHOCT  qeneya  3APaBE
CTabunHoct 3pase fonka

Our. 4. Pa3npepeneHne Ha 0TroBOpMTE OT BHIPOCHNK
3a KauecTBO Ha *1BoT SF-36 npu nauuenTuTe ot [pyna A.

pyna b - nayneHTn c OKC 6e3 XOBb
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Our. 5. Pa3npesenexne Ha 0TroBopuTe OT BHIPOCHNK
3a KauecTBO Ha *1BoT SF-36 npu nawuenTute ot [pyna b.

status negatively with a mean score of 45.48 +
22.60 points compared to group B-71.5+ 10.91
points (p <0.0001). As expected, physical activity
was greatly reduced in subjects with concomi-
nant COPD - 46.85 + 27.31 points, compared to
those with ACS alone - 80.13 + 15.65 points (p <
0.0001). Two studies found that time spent in
light to moderate physical activity and mobility
were reduced in COPD patients compared to
healthy controls [14, 36]. Another systematic
review focusing on COPD patients reported a
precalence of depression between 37% and
71%. The same authors found an incidence of
anxiety between 50% and 75%, which are
comparable such as neoplasms, acquired immu-
nodeficiency syndrome and CVC [16, 32]. We
found, albeit a small, significant difference in
mental health scores between two study groups,
48.33 + 17.42 points for group A and 49 + 16.78
points for group B (p = 0.0473). Patients without
concomitant COPD were rated as more emotio-
nally stable-Figure4and>5.

Group A - patients with ACS and COPD
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Fig. 4. Distribution of SF-36 QoL questionnaire responses
in Group A patients.

Group A - patients with ACS
without COPD

SF-36 SF-36 SF-36 §F-36
physical  gp3g vitalty  gr3g social 36 general

avity  amotional mental  activity body health
stability health pain

Fig. 5. Distribution of SF-36 QoL questionnaire responses
in Group B patients.



Pesyntatute oT mexgyrpynoBuAT aHanums ot
npoBefeHna BbNpocHMK SF — 36 3a camooLeHKa
Ha KayeCTBOTO Ha »KMBOT, MOKa3axa CTaTucTnyec-
K1 3HauMMa pasnuka (p<0,05) B cpeaHUTe CTON-
HOCTU B Non3a Ha nayueHTrTe ¢ OKC 6e3 npuapy-
»kaBawa XObb.

JleBoCTpaHHaTa CbpAeyHa He[OCTaTbYHOCT
(CH) 3HaunTenHo Bnowasa KX npv BC1ukm naum-
eHTn. MNpun MHorodakTopeH aHanu3 (BKOYBAaLLY,
etnonorus Ha CH, KoMopbrgHU CbCTOAHUA, eXO-
rpadcky nokasatenu M MefnKaMeHTO3HO Je-
yeHye) ce YCTaHOBABA, Ye HannuneTo Ha beno-
LpobHO 3abonaBaHe yBenmyaBa pricka 3a pexoc-
nuTanu3auuna 2.5 nbtr B cnegBawmte 12 meceua
[1, 8]. YcTaHOBEHO e, ye yecToTaTa Ha CH npwu
naumeHTn ¢ XObb Hap 65 roauwHa Bb3pacT e
0KOJI0 25%, KOeTo e NpPUbNN3NTENHO TpY MbTY
noBeye OT 0YaKBAHOTO NPU MNALMEHTM Ha CbLiaTa
Bb3pacT B obwaTta nonynauus [28]. OT npoBeae-
HaTa OT HaC TpaHCTOpaKaHa exokapauorpadua
Ce yCTaHOBMXa CTaTUCTUYECKN HEe3HAUMMU pas-
NIMKN MeXIy CTOMHOCTUTe Ha dpakuma Ha 13-
TNaCKBaHe Ha JiABa Kamepa MeXay ABeTe rpynu —

durypaé.
Pasnpeneneuwe Ha ABeTe rpynun

nauveHTn cnopep ppakuns
Ha u3TnackBaHe

The results of the between-group analysis of
the SF-36 self-assessment of the quality of qua-
lity of life questionnaire showed a statistically
significant difference (p<0.05) in mean values in
favor of patients with ACS without concomitant
COPD.

Left-sided heart failure (HF) significantly
worsens QOL in all patients. In a multifactorial
analysis (including HF etiology, comorbid condi-
tions, ultrasound indicators and medical treat-
ment) the presence of lung disease was found to
increases the risk of rehospitalization 2.5 fold in
the next 12 months[1,8].The prevalence of HF in
COPD patients over 65 years of age has been
found to be around 25%, which is approximately
three times higher than expected in patients of
the same age in the general population [28]. Our
transthoracic echocardiography revealed statis-
tically insignificant differences between left ven-
tricular ejection fraction values between the two
groups - Figure6.

Distribution of the two groups of
patients according to the
ejection fraction

0N<40% ON=40-49% On>50%
M [pyna b

[pyna A

Our. 6. Pa3npepieneHite Ha NaLMeHTUTe 0T ABETe rpynu
cnopes GpakLuATa UM Ha U3TIaCKBaHe.

3a pga yctaHOBUM KopenauuaTa mexay KX n
®W n3non3saxme napametbpa — OOWO 3apaBe
KaTo YacT OT BbMPOCHMKA 3@ KAaYeCTBO Ha XUBOT
—SF-36. Mpwu naymeHTn c OKC n XOBb, ce gokasa
3HauuUTeNIHa Kopenayua Ha HACKaTa CaMOOLeHKa
3a 3[paBETO C MOHMXeHaTa GpaKumnsa Ha U3TNack-
BaHe (r=0.597,p<0.001) - purypa 7.

Kopenagwase s raamcrawoct ey $H% m 5F-36 npw naunenym ¢ OKC w XORE

LI
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Our. 7. KopenaunoHHa 3aBUCUMOoCT Mexzy GpakumaTa
Ha U3TnackBaHe 1 iaHHuTe oT SF-36 3a 061110 3apaBe
npu naunetute ¢ OKC 1 XOBb.

EF<40% EF=40-49% EF>50%
M Group B

Group A

Fig. 6. Distribution of patients from the two groups according
to their ejection fraction.

To establish the correlation between QOL and EF
we used the parameter — General health as part
of the quality of life questionnaire — SF-36. In pa-
tients with ACS and COPD, there was a significant
correlation of low self-rated health with reduced
ejectionfraction (r=0.597,p<0.001) - Figure 7.

Carrelation betwesn EFY and 5F-36 in patients with ACS aad COPD
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Fig. 7. Correlation between ejection fraction and SF-36
general health data in patients with COPD and ACS.
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Mpunuuata 6e3 XObb ce yctaHOBABa ymepe-
Ha 3aBmcumocT (r=0.433,p<0.001) - purypa 8.

Kepenassonnd IARSCANocT Mesay $H% 1 5F-36 nps nausenre ¢ OKC Bea NODEE

-----

BpaKEEE WE WAL KR
: B
[

= i o = " 1=

5F- 36 obiil LApaaE

Our. 8. KopenawoxHa 3aBUCUMOCT MeXZy GpakLmaTa
Ha u3T1ackBaHe 1 daHHuTe oT SF-36 3a 0610 3apaBe
npu naumenTute ¢ OKC 6e3 XOBb.

3aknioueHune

B 3ak/noueHme KauecTBOTO Ha »KMBOT Ha Ma-
LMEHTUTE C OCTBP KOPOHAPEH CUHAPOM NPUAPY-
»KaBallla XPOHMYHa OOCTPYKTMBHa 6enofgpobHa
60MeCT € 3HAUNTESTHO BJIOLWEHO B CPAaBHEHUE C
Te3n 6e3 6enoapobHo 3abonABaHe. MNoHMKeHaTa
nesokamepHa O/ e npeankTop 3a no-nowo KX s
cpaBHeHune ¢ 6onHuTe ¢ OKC 6e3 XOBbB. Mauun-
eHTWTe C Npugpyxasalyo 6enogpobHo 3abons-
BaHe ca C No-BNCOK PUCK 3a peXocnuTanm3aymm
N KOHCYMMpPAT MoBeYe pecypcy Ha 3apaBHaTa
cuctema. MpaBusiHaTa U CBOEBPEMEHHA OLIEHKA
Ha Te3n nauueHTn 6 nogobpuna 3HaUUTENHO
TAXHOTO GU3MKANTHO M MEHTANTHO CbCTOSAHME.

BnaropgapHocTu:

MpencTaBeHWTe pe3ynTaTi Ca YacT OT HayyHa
paboTa no HauuMoHanHa nporpama ,Mnagu yye-
HW N NOCTAOKTOPAHTM - 2" Ha MMHNCTEPCTBO Ha
06pa3oBaHMeTo U HayKaTa.

A moderate correlation was found in subjects
without COPD (r=0.433,p<0.001) - Figure 8.
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Fig. 8. Correlation between ejection fraction and SF-36
general health data in ACS patients without COPD.

Conclusion

In conclusion, the quality of life of patients
with acute coronary syndrome accompanying
chronic obstructive pulmonary disease is signi-
ficantly impaired compared with those without
pulmonary disease. Reduced left ventricular EF is
a predictor of worse QoL compared to ACS
patients without COPD. Patients with conco-
mitant lung disease are at higher risk for rehos-
pitalization and consume more health system
resources. Properand timely assessment of these
patients would significantly improve their phy-
sicaland mental status.
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KATO NPEAVKTOPW 3A EK3ALIEPBALIMA
W CMBPTHOCT NPW MALIMEHTW C XObb
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Pesiome

BbBeageHme: HacToALOTO NpoyyBaHe Ma 3a Len a NpoBeae AeCKPUNTUBEH, KOpenaLoHeH 1
KannaH-Meliep aHanv3 Ha XeMaToNIOrMYHM NAPaMeTpU KaTo NpeauKkTopu 3a ek3alepbauus nim cmbpT
npu nauneHTn ¢ XOBb.

Matepuanu n metogu: Toa e egHorognLHO 06CcepBaLMOHHO, MPOCNEKTNBHO NPOyYBaHe C
ambynaTtopHu naumeHtn ¢ XObb. N3cnepBaHn ca pyTMHHM XeMaTOSNOrMYHM MOKa3aTenu KaTo MbiHa
KpbBHa KaptuHa, CRP, ¢pubpnHoreH n al-aHTUTpUNCKH. MbpBMYHATa KpaliHa TOYKa € KOMMO3UTHa
KpalHa TouKa, CbCTOsLLA Ce OT BPEMETO A0 MbpBaTa YMEPeHO-TEXKa MM TeXKa ek3auepbaunsa unu
CMBPT. M360pbT Ha ONTUMANHM FPAHMYHY TOUKYM 33 OTAENHWTE NapaMeTpu e N3BbPLLEH C MOMOLLTa Ha
nakeTa cutpointr B RStudio. /i3uncneHaTta rpaHMyYHa CTOMHOCT € M3MO0J13BaHa 3a pa3fesifaHe Ha rpynuTe 1
M3BbpLUBaHe Ha nocneasaw Kannan-Menep aHanus.

PesyntaTtu: Han-BMCOKM Kopenauum ce Habnogasa Mexay eosuHodunmite 1 KUCIIoOpoaHaTa
caTypauua B nokol (r = 0.35), Mexxay XxemaToKpuTa U MHAeKCa Ha KomopbugHocT Ha Charlson (r=-0.29) n
MeXZy MMMpOoLMTHTE Y MOABMXKHOCTTA Ha NisiBaTa Aradparma B nokol (r=0.27). bposaT Ha eo3nHopunute
nokasBa obpaTHoOMponopLUoHanHa Kopenauusa ¢ naketoroguHute (r = -0.24), NOTBbPXKAABaANKM
npeobnafaBalloTo HEYTPOPUITHO Bb3MasieHre Npu nywauur. YectoTata Ha NALMEHTUTE C OTHOLLEHME
HeyTpodunu/numoountn (NLR) >3.27, Kouto gocTuraT KOMMO3UTHATa KpariHa TOUYKa, € 3Ha4yMMo Mno-
BrCOKa (80.8 cpeluy 61.4%, p=0.041).

3aknioueHmne: OnTMManHaTa rpaHMYHa TOYKa Ha OTAeSIHWTE XeMaTONOrMYHN NapamMeTpu He
oCurypsaBa CTaTUCTMYECKa 3HaUMMOCT NPV NPOrHO3MpaHe Ha KOMMNO3MTHaTa KpaliHa TOUKa, CbCTosALlaTa
Ce OT BpeMe [0 MbpBaTa ek3auepbauus UM CMbpT 3a egHOrogulleH neprod. EAUHCTBEHMAT 3HaUNM
noka3saten e NLR contumanHata rpaHnyHa Touka 3.27.

KnouoBu gymu: XObb, HeyTpodunu, eozuHodumnu, NLR, eksauepbaunn



HEMATOLOGICAL PARAMETERS
AS PREDICTORS OF EXACERBATION
AND MORTALITY IN PATIENTS WITH COPD

E. Mekov', N. Yanev', N. Kurtelova', T. Mihalova', A. Tsakova?,
Y. Yamakova®, R. Petkov'
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Abstract

Introduction: This study aims to conduct descriptive, correlational, and Kaplan-Meier analysis
of hematological parameters as predictors of exacerbation or death in patients with COPD.

Material and methods:Thisisa 1-year observational, prospective study with COPD outpatients.
Routine hematological parameters such as complete blood count, CRP, fibrinogen, and al-antitrypsin
were investigated. The primary endpoint was a composite endpoint consisting of time to first moderate-
to-severe exacerbation or death. The selection of optimal cut-off points for individual parameters was
performed using the cutpointr package in RStudio. The calculated cut-off value was used to divide the
groups and perform subsequent Kaplan-Meier analysis.

Results: The highest correlations were observed between eosinophils and resting oxygen
saturation (r = 0.35), between hematocrit and Charlson comorbidity index (r = -0.29), and between
lymphocytes and resting left diaphragm amplitude (r = 0.27). Eosinophil counts showed an inverse
correlation with packyears smoking (r = -0.24), confirming the predominance of neutrophilic
inflammation in smokers. The incidence of patients with a neutrophil/lymphocyte ratio (NLR) >3.27
reaching the composite endpoint was significantly higher (80.8 vs.61.4%, p=0.041).

Conclusion: The optimal cut-off point of individual hematologic parameters does not provide
significance in predicting the composite endpoint consisting of time to first exacerbation or death over
oneyear.The only significant parameter was NLR with the optimal cut-off point of 3.27

Keywords: COPD, neutrophils, eosinophils, NLR, exacerbations
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XEMATONOrMYHW NMAPAMETPY
KATO MPEQINKTOPY 3A
EK3ALIEPBALIUA 1 CMBPTHOCT
MPY MALIMEHTN CXObb

TopakanHa MeguuuHa
Tom XIll, 6p.2
toHn 2024

BbBeageHne

XpoHuyHaTa 06CTpyKTUBHA 6enopgpobHa 6o-
nect (XOBb) e Bogelya nprymHa 3a 601eCTHOCT,
CMbBPTHOCT 1 3[paBHY Pa3xofu B CBETOBEH Ma-
wab [1]. MpoyusaT ce peanLia buomapkepu, Koun-
TO [la MOMOTHAT B OL|eHKaTa Ha pa3finyHu acnek-
TV OT 6onecTTa. TAXHOTO N3MepBaHe obaue B No-
BEYETO Clyyan U3MCKBA Bpeme 1 pecypcu. Bce
Mo-rofsiM UHTEpeC NpPeacTaBsaABaT PYTUHHO 13-
cnefBaHu NoKasaTesnu.

HacToAwoTto npoyyBaHe uma 3a uen ga npo-
Befle AeCKPUNTUBEH, KopenaunoHeH 1 KannaH-
Meliep aHann3 Ha xemaToNOrMYHM NapameTpu
KaTo NpeanKTOpM 3a ek3sauepbauus unm cMmbpT
npv naymeHTn ¢ XObb.

MeTtogn

ToBa e egHOroAULLIHO, 06CEPBALMIOHHO, NPO-
CNEeKTUBHO NMpPoyyYBaHe C aMbynaTOPHN NaLmneH-
1 ¢ XOBb. BkntoyeHn ca naumeHTn Ha Bb3pacT
Hag 40 rogMHK, HaCcToALLM UK BUBLUM NyLWaYn C
noseye oT 10 NakeToroAnMHW N AUarHOCTULMpPA-
HU ¢ XObb kKato noctbpoHxoannaTaTopHoO
oTHoweHne PEO1/OBK <0.7. MauyneHTUTe ca B
CTabWNHO CbCTOAHUE Hal-Manko eivH mecel|
npenu BKtouBaHe. KputeprmTe 3a M3KIouBaHe
Ca HanuureTo Ha apyru 6enogpobHu 3abonsBsa-
HUA (MyKOBUCLIMA03a, TEXKU OPOHXMEKTA3nK,
KapLUVHOM Wv PeCcTPUKTUBHO 6enodpobHo 3a-
6onABaHe), CUCTEMHO Bb3MNanuTesiHo 3ab6onsABa-
He 1 fnnca Ha KbMMAalWbHC C NpoueaypuTe
(Hanp. nonbiBaHe Ha BbNPOCHMLN 3a KauecTBO
Ha »MBOT). MaumeHT ce cumTa 3a u3rybeH npwm
npocnefABaHe, ako He MoraT Aa 6baaT nonyye-
HU AaHHV NPV NPOCNEKTUBHOTO HabnoaeHe.

B fleHA Ha HauyanHoOTO NocelleHe e B3eTa Be-
HO3Ha KpPbB. MI3cnenBaHu ca cnegHuTe napamert-
pu:

- [MbnHa KpbBHa KapTuHa (MKK) - eputpoun-
™ (x1012/L); neBkouuTn (x109/L); XeMorno6uH
(g/1); xemaTokpuT (%); HeyTpodunu (abcontoTeH
6poit 1 %); numdounTn (@bcontoteH bpon n %);
6a3zodunu (abconioTeH 6poit 1 %); eo3nHOGUAN
(abcontoTeH 6pon 1 %); moHoUMTK (abcontoTeH
6poii n%); TpomboumTn (x109/L);

- buoxummna n xemoctasa - PuOGpPUHOTrEH
(g/L), CRP (mg/dL), al-aHTuTpuncuH (g/L).

LonbnHutenHo 6Axa U3uncneHn cnepHuTe
OTHOLIEeHUs:

— CbOTHOLIEeHUe HeyTpodunu/numoounTn
(neutrophil/lymphocyte ratio, NLR) kaTo oTHO-
LeHVETO Mexay abcontoTHUA Bpoli HeyTpodu-
nmunnumbounTy;

— CbOTHOLUEHUE TpoMb6OUUTU/AUMPOLUTHY
(platelet/lymphocyte ratio, PLR) kato oTHoLe-
HUEeTO MexAay TpombouuTmTe U abcontoTHUA
6pon numobounTy;

— CbOTHOWeHMe eo3nHodunu/6asodunu
(eosinophil/basophil ratio, EBR) kato oTHowle-
HUeTo Mexay abcontoTHMA 6poi eo3mHOGUAN 1
6asodpunu;

— CbOTHOLWEeHne eosnHodpunu/numdoumnTn
(eosinophil/lymphocyte ratio, ELR) kato oTHO-
LWeHVeTO Mexay abcontoTHUs 6pon eo3nHobu-
nunnanmoounTu.

Introduction

Chronic obstructive pulmonary disease
(COPD) is a leading cause of morbidity, mortality,
and healthcare costs worldwide [1]. Many bio-
markers are being studied to help in the evalua-
tion of different aspects of the disease. However,
their measurement in most cases requires time
and resources. Routinely studied indicators are
ofincreasinginterest.

This study aims to conduct descriptive, corre-
lational, and Kaplan-Meier analysis of hematolo-
gical parameters as predictors of exacerbation or
deathin patients with COPD.

Methods

This is a 1-year, observational, prospective
study with COPD outpatients. Patients aged over
40 years, current or former smokers with more
than 10 packyears smoking and diagnosed with
COPD as postbronchodilator FEV1/FVCratio <0.7
were included. Patients were stable for at least
one month before inclusion. Exclusion criteria
were the presence of other lung diseases (cystic
fibrosis, severe bronchiectasis, cancer, or restric-
tive lung disease), systemic inflammatory disea-
se, and lack of adherence to procedures (e.g.
completion of quality of life questionnaires). A
patient is considered lost to follow-up if data
cannotbe obtained at prospective follow-up.

Venous blood was drawn on the day of the
initial visit. The following parameters were exa-
mined:

— Complete blood count (CBC) - erythrocytes
(x1012/L); white blood cells (x109/L); hemoglo-
bin (g/L); hematocrit (%); neutrophils (absolute
number and %); lymphocytes (absolute number
and %); basophils (absolute number and %); eo-
sinophils (absolute number and %); monocytes
(absolute numberand %); platelets (x109/L);

- Biochemistry and hemostasis - fibrinogen
(g/L),CRP (mg/dL), al-antitrypsin (g/L).

Additionally, the following ratios were calcu-
lated:

- Neutrophil/lymphocyte ratio (NLR) as the
ratio between the absolute number of neutro-
philsand lymphocytes;

- platelet/lymphocyte ratio (PLR) as the ratio
between platelets and the absolute number of
lymphocytes;

- eosinophil/basophil ratio (EBR) as the ratio
between the absolute number of eosinophils
and basophils;

- eosinophil/lymphocyte ratio (ELR) as the
ratio between the absolute number of eosino-
philsand lymphocytes.



YMmepeHo-TexKa ek3aLepbaLms ce onpegens
KaTo OCTPO yBefiMyaBaHe Ha pecnupaTopHuUTe
CUMMTOMM, N3UCKBALLM aMOYNaTOPHO fieyeHme ¢
AHTUONOTULM U/VNN CUCTEMHU KOPTUKOCTEPOU-
. Korato enun3ofbT M3UCKBa NieyeHune B 60n-
HUYHU YCNTIOBWA USIM MOMOLY B CMEWHO OTAese-
HVe 3a Hali-Manko 24 uaca, ek3sauepbauuaTa ce
cumTa3saTtexkka[1].

Mo Bpeme Ha MbpBOHAYaNHOTO MocelleHne
ca cbbpaHu pemorpadcky xapakKTepucTukin
Bb3PacT U MON) U KIIMHUYHW XapaKTEPUCTUKN Ha
3abonaBaHeTo — NOCTOPOHXOAMNATaTOPHA CNK-
pomeTpus, 6pon Ha ek3auepbauuute npes
npeaxofHaTa roguHa. 3ayxbT € OLleHeH Nno Mo-
anduumpaHata ckana 3a gucnHes (modified Me-
dical Research Council, MMRC), a KauecTBOTO Ha
XMBOT - C BbMPOCHNMKa 3a oleHKa Ha XOBb (COPD
Assessment Test, CAT). MNbpBrnuHaTa KpaliHa
TOUKA € KOMMO3UTHa KpaliHa ToUKa, CbCTOSALLA Ce
OT BpeMe 10 MbpBaTa yMePEHO-TEXKa NN TEXKa
eK3aLepbauyma unm cMbpT.

MaureHTUTe ca NpocsefieH B NPOAbIIKEHNE
Ha 12 meceua, KaTo Ha 6-T1 1 12-Tn mecel, € Cb-
6paHa MHpopMaLA 3a 6poA 1 TeXKeCTTa Ha eK3a-
LuepbaunnTe Npe3 To3un Neproa.

M360pbT Ha ONTUMANHU FPAaHUYHU TOYKM 3a
oTAeNIHMTE NapaMeTpu e U3BbPLUEH C NMOMOLLTA
Ha nakeTa cutpointr (https://cran.r-project.org/
web/packages/cutpointr/vignettes/cutpointr.ht
ml) c yen MakcMMmn3rpaHe Ha MeTpUYHaTa GyHK-
uua ,c60p OT CEH3UTUBHOCT U crieundryHocT”
(method = maximize_metric, metric = sum_
sens_spec). i3uncneHarta rpaHMyHa CTOMHOCT e
M3nonsBaHa 3a pa3fensHe Ha rpynute uU 13-
BbpLUIBaHe Ha nocnefpall aHanus. [laHHuTe ca
aHanusupaHu c RStudiov1.4.1106.

MpoyuBaHeTo € 0O6PEHO OT NOKanHa eTny-
Ha KoMUCUsA. BCMUKM y4acTHULM ca NPOBIKUIN
obuuariHaTa CxeMa Ha JleueHrie Cnopeq npeLeH-
KaTa Ha JieKyBaLLus niekap.

—

Pesyntatn

Xapakmepucmuku Hanonynayuama

BkntoueHn ca ob6bwo 96 naumeHTn ¢ XOBb.
CpepHaTa Bb3pacT e 65,1 (CTaHAAPTHO OTKJIOHe-
Hue (SD): 8,1) roanHwn, cpepHuat GEO1T e 55,8%
SD: 18,3%). Tabnumua 1 0606LaBa xapakTepuc-
TUKWTE Ha BKJIIOYEHUTe naumeHTn. Hama 3ary6e-
HV Npy NpocsiefAaBaHeTo NauneHTy, a 3 naumneH-
T (3/96, 3,1%) ca nounHanu No Bpeme Ha npo-
cnepsaBaHeTo.

—

Tabn. 1. [leMorpadcki XapaKTepucTiKy 1 XapaKTepucTiKm
Ha 3abonABaHeTo.

XapakTepucTuka (+ SD)

Bcuuki naumenty (n=96)
(pepHa cToitHocT (+ SD)

TlaKeToroauHu, CpesHa cToiHocT
om0
o8t %

Bb3pact, cpegHa cToitocT, rogvHu
Mbxe, n (%)
AxuBHm nywayu, n (%)

W3muHaro pasctosxme Ha 6MWT, m
CAT pe3ynrar

mMRC score:

0

1

Moderate exacerbation is defined as an acute
increase in respiratory symptoms requiring
outpatient treatment with antibiotics and/or
systemic corticosteroids. When the episode re-
quires hospital treatment or emergency depart-
ment care for at least 24 hours, the exacerbation
is considered severe[1].

During the initial visit, demographic charac-
teristics (age and sex) and clinical features of the
disease were collected: postbronchodilator spi-
rometry, and number of exacerbations in the
previous year. Dyspnea was assessed with the
modified Medical Research Council (mMRC) dys-
pnea scale and quality of life with the COPD
Assessment Test (CAT) questionnaire. The prima-
ry endpoint was a composite endpoint consis-
ting of time to first moderate-to-severe exacer-
bation ordeath.

Patients were followed up for 12 months, and
information on the number and severity of exa-
cerbations during this period was collected after
6and 12 months.

Optimal cutoff points for individual parame-
ters were selected using the cutpointr package
https://cran.r-project.org/web/packages/cut-
pointr/vignettes/cutpointr.html) to maximize
the "sum of sensitivity and specificity" metric
function (method = maximize_metric, metric =
sum_sens_spec). The calculated cutoff value was
used to divide the groups and perform subsequ-
ent analysis. Data were analyzed using RStudio
v1.4.1106.

—

The study was approved by a local ethics
committee. All participants continued the usual
treatment regimen as prescribed by their
physician.

Results

Population characteristics

A total of 96 COPD patients were included.
The mean age was 65.1 (standard deviation (SD):
8.1) years, mean FEV1 was 55.8% (SD: 18.3%).
Table 1 summarizes the characteristics of the
included patients. No patients were lost to
follow-up, and 3 patients (3/96, 3.1%) died
during follow-up.

Table 1. Demographic and disease characteristics.
All patients (n=96)

Characteristic (+ D)
Mean (+ SD)

B

6MWT distance, m 372110

mMRC score:
0 11(11.5%)
1 15(15.6%)
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28(29.2%)
41(42.7%)
1(1%)
YMepeHo-TexKu ex3alepOaLium npe3 npexogHaTa roauHa
- (pepHa cToitHocT (+5D) 0.73+0.84
- mejuana (IQR) 1(0-1)
Texkw ek3aLepbawum npe3 npeaxoaHara rouHa
- (peAHa CToifHocT (£5D) 0.97 £0.87
- meauana (IQR) 1(0-1)
YmepeHo-TexKu ex3auepbauun cnes 11., (pesHa cToiiHocT
- (pepHa cToifHocT (+5D) 0.86 £0.90
- mejuana (IQR) 1(0-1)
Texkw ek3auepOauum cnep 1r., cpeaHa CToitHocT
- (peAHa CToifHocT (£5D) 0.45+0.87
- meauana (IQR) 0(0-1)

al-aHTuTpuncus, g/L 144 £0.25

(CbkpaLenms:
SD — cTanpapTHO oTKNOHeHWe; QR — nHTepKBapTUNeH 06xBat

lMapamempu Ha yepgeHamMad KpveHaA peouya

Xemorno6uH >170 g/L umar 3 (3.1%) naymeH-
Ta,a<120g/L-7 (7.3%) nayneHTa. Hama naumex-
T c xemorno6uH >180 g/l. Eputpouuntute, xXemo-

Mapamempu Ha 6a/1ama kps8Ha peduya

JleBkouwMTO3a (@bGCconOTEH OPON NEBKOLUTU
>10.5 x109/L) nmat 13 (13.5%) naymeHTa. Hama
naumneHTI c neBKouuTeH 6poit <3.5x109/L. Eo3u-
HoduneH 6por >300 x109/L umat 21 (21.9%
nayuveHTa, a >500 x109/L - 6 (6.3%) naumeHTa
(Ouirypa 1). BposT Ha eo3nHopUNMTe Obaue He e
npeanKTOp 3a JOCTUraHe Ha KOMMO3MTHaTa
KpalHa Touka (p=0.87).

-~

w
?

Bpon yyactHuum
N
@

P

0,00 0,25 0,50 0,75 1,00
EosuHodunn, x10°/L

Our. 1. (raTucTiyecko pasnpegeneHue Ha xapakTepucTukarta
,E03uHoGunn (abcontoten bpoii)”.

28(29.2%)
41(42.7%)
1(1%)
Moderate exacerbation previous year
-mean (+SD) 0.73+0.84
- median (IQR) 1(0-1)
Severe exacerbation previous year
- mean (+SD) 0.97 £0.87
- median (IQR) 1(0-1)
Moderate exacerbation after 1year, mean
-mean (+SD) 0.86 +£0.90
- median (IQR) 1(0-1)
Severe exacerbation after 1 year, mean
- mean (+SD) 0.45+0.87
- median (IQR) 0(0-1)

Abbreviations:
SD - standard deviation; IQR - interquartile range

Redblood cell parameters

Hemoglobin >170 g/L was presentin 3 (3.1%
patients and <120 g/L in 7 (7.3%) patients. There
were no patients with hemoglobin >180 g/L.

-

point (all p>0.05).

White blood cell parameters

Leukocytosis (absolute leukocyte count
>10.5x109/L) was presentin 13 (13.5%) patients.
There were no patients with a leukocyte count
<3.5 x109/L. Eosinophil count >300 x109/L was
presentin21(21.9%) patientsand >500x109/Lin
6 (6.3%) patients (Figure 1). However, eosinophil
count was not a predictor of reaching the com-
posite endpoint (p=0.87).

w
?

Number of participants
2 N

0,00 0,25 0,50 0,75 1,00
Eosinophils, x10°/L

Fig. 1. Statistical distribution of the characteristic
“Eosinophils (absolute number)”.



OnTumanHaTa rpaHMyHa TOUKa, KOATO OCUTY-
psABa MakcMMasnHa MHGoOpMaTUBHOCT, e 23% 3a
NUMPOLINTHTE, HO TA He e CTaTUCTUYECKU 3HaUn-
Ma (Ourypa 2).

Strata ~+ Mevdowmd < 23% == Nuagoupmi a 23%

Time in months
Number at risk

== 363632272322201817 141211 10

& == 60 60 57 49 42 39 38 37 32 27 26 26 24
B 1 4 § 6 7 8 9 10 11 12

Time in months

0 2 1

Our. 2. Kaplan-Meier Kpua 3a JocTuraHe Ha KOMNo3uTHaTa
KpaiiHa Touka (Bpeme o0 ek3aLep6aLma uam cubpt),
CTpaTuduMpaHa cnopes NpoLeHTa Ha IUMQoLuTHTe.

OnTrManHaTa rpaHnyHa ToYKa, KOATO OCury-
pABa MakcumanHa nHoopmatmeHocT 3a NLR, e
3.27 (Ourypa 3). YecTtoTaTta Ha naumeHTuTe ¢ NLR
>3.27, KOUTO [OCTMraT KOMMO3UTHaTa KpawnHa
TOUKa, e 3HauMmo no-Bmcoka (80.8 cpelyy 61.4%,
p=0.041).
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Our. 3. Kaplan-Meier KpuBa 3a gocTuraHe Ha KOMNo3uTHaTa
kpaiiHa TouKa (Bpeme J10 eK3aLiepbaLns unm cMbpr),
cTpatuduumpana cnopeg NLR.

The optimal cut-off point that provides maxi-
mum information is 23% for lymphocytes, but it
is not significant (Figure 2).
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Fig. 2. Kaplan-Meier curve for reaching the composite endpoint
(time to exacerbation or death) stratified by percentage
of lymphocytes.

The optimal cut-off point that provides maxi-
mum information for NLR is 3.27 (Figure 3). The
incidence of patients with NLR >3.27 reaching
the composite endpoint was significantly higher
(80.8vs.61.4%, p=0.041).
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Fig. 3. Kaplan-Meier curve for reaching the composite endpoint
(time to exacerbation or death) stratified by NLR.




OPUTNHaNHN CTaTn
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Tpombouyumu

BpoaT Ha TpomMboLUUTUTE He e NpeanKTop 3a
KOMMO3MTHAaTa NbpBMYHA KpallHa TOuUKa
(p>0.05). OnTmManHaTta rpaHNUYHa TOUKa, KOATO
ocurypsBa MakcumasHa MHGOPMaTUBHOCT, € 241
000 3a TpombouuTeH BPOIA, HO TS He e CTaTUC-
TUyecku 3Haumma (Ourypa 4).

Sirata =+ TpomGouum: < 241000 == TposSouera 241 000

Surviwal probability

: 5 % 7T B B 10 1M 1
Tume in months

Number at risk

Pwe 35 35 34 M 27 27 25 24 21 19 19 18 16
== B1 61 55 45 38 34 33 31 26 22 19 19 18

] 7 4 5 & 7 8 9 10 1M 12
Time in months

Our. 4. Kaplan-Meier kpuBa 3a J0CTUraHe Ha KOMNO3UTHATa
KpaiiHa TouKa (Bpeme 10 ek3aLepbauma unm cmbpr),
cTpaTUduuMpaHa cnopes 6poa Ha TpomboLmMTUTE.

JpyaunabopamopHu nokazamenu

OubpuHoreH >4 g/l nmat 41 (42.7%) ot na-
uneHTUTe, @ >7 g/L - 2 (2.1%) naumenTa. CRP >5
mg/L nmar 33 (34.4%) OT naumeHTnTe, a Hag 5.5
mg/L - 29 (30.2%) (®urypa 5). Huso Ha al-aHTu-
TpuncuH <1.2 g/l nmat 13 (13.5%) oT naumex-
™™mTe,a<1.0g/l-3(3.1%) nauneHTn.
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Owur. 5. (TaTncTyecko pasnpefieNeHue Ha xapakTepucTuKaTa
CRP”
” .

OnTrManHaTa rpaHMyHa TouYKa, KOATO OCUry-
psBa MakcumanHa nHdopmatmeHocT 3a CRP, e 6
mg/dL, Ho TA He e cTaTUCTMYeCKN 3Haunma (Pu-
rypa6). OctaHanuTe nokasartenu CbLo He Ca 3Ha-
YIMU MPeVKTOPU.

Platelets

Platelet count was not a predictor of the com-
posite primary endpoint (p>0.05). The optimal
cut-off point that provides maximum informa-
tion is 241,000 for platelet count, but it is not
significant (Figure 4).

Strata =+ TromSomum: = 241000 == TposSousa = 241 000

Surviwal probability

. v v " v
. B L] 7 8 [ 0 " -
Tume in months

Number at risk

Pee 35 35 34 M 27 27 25 24 21 19 19 18 16
== B1 61 55 45 38 34 33 31 26 22 19 19 18

] 7 4 5 & 7 8 9 WM 1M 17
Time in months

Fig. 4. Kaplan-Meier curve for reaching the composite endpoint
(time to exacerbation or death) stratified by platelet count.

Otherlaboratory parameters

Fibrinogen >4 g/L was present in 41 (42.7%)
of patientsand >7 g/Lin 2 (2.1%) patients. CRP >5
mg/L was present in 33 (34.4%) of the patients
and 29 (30.2%) patients had CRP >5 mg/L (Figure
5).al-antitrypsin level <1.2 g/L was presentin 13
(13.5%) of patients and <1.0 g/L in 3 (3.1%) of
patients.

207
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CRP, mg/I
Fig. 5. Statistical distribution of the characteristic,CRP".

The optimal cut-off point that provides maxi-
mum information for CRP is 6 mg/dL, but it is not
significant (Figure 6). The other parameters are
also notsignificant predictors.
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Our. 6. Kaplan-Meier Kpua 3a gocTuraHe Ha KOMNO3UTHaTa
KpaiiHa TouKa (Bpeme 10 eK3aLiepbaLns unm cMbpr),
crpatuduumpana cnopeg CRP.

KopenayuoHeH aHanus

Hain-3Hauumun kopenauum B Tasu rpyna noka-
3aTenu ce Habnogasa mexay eo3nHodunute (%)
N KNCNOpPOAHaTa caTypauusa B nokon (r = 0.35),
MeXAY XeMaTOKpUTa U MHAEKCa Ha Komopbua-
HocT Ha Charlson (r =-0.29) n mexpgy numdouu-
TUTe (%) 1 NOABUXKHOCTTA Ha NABaTa AnMadparma
B nokoM (r = 0.27). bpoAT Ha eo3nHodunuTe no-
Ka3Ba 0b6paTHOMPOMOpPLMOHANHA Kopenauus ¢
naketorognHute (r = -0.24), NOTBbP)KAABANKMN
npeobnagaBalloTo HeyTPOUIHO Bb3naneHue
npwu nywaum.

XemaTonornyHute napameTpu Kopenupar
cnabo c 6poA Ha ek3auepbauuuTe Npu egHoro-
LAVLWHO npocneasaBaHe. Hal-BUCOK KoedrLMeHT
UMaT NpoLeHTHT Ha numdoumntu (r = -0.13), al-
aHTUTPUNCUHBT (r=0.11) n 6poAT Ha TpomboL K-
TnTe (r=0.09).

Anckycna

ToBa npoyuyBaHe NpoBeXAa AECKPUMNTUBEH,
KopenaunoHeH n KannaH-Menep aHanu3 Ha
XEMaTOMIOMMYHM NapaMeTpy KaTo MpefuKTopu
3a ek3sauepbauuma unm CMbPT NpY NaymMeHTn
XOBB.

XOBb e xpoHMYHO pecnnpaTopHo 3abonAga-
He, KOeTO e CBbP3aHO CbC CUCTEMHO Bb3nasne-
HMe, a TO MOXe fia 6bAie CBbP3aHO C NO-BMCOK
PUCK OT eK3alepbalum 1 NOBeYe UM NO-TEXKM
CbNbTCTBAWM 3abonaBaHuA [2]. Ek3auepba-
LuunTe NrpasT BaXKHa pona B eCTECTBEHNA X0 Ha
XOBb, kato ca egHa OT OCHOBHUTE NPUYMHK 3a
CMbpPTHOCT [3].

OcHoBHa xapakTepuctnka Ha XObb e He-
yTpodunHoto Bb3naneHume [4], Ho 20-40% oT
naumveHTUTe AeMOHCTpUpPaT eo3nHoduneH de-
HoTtun [5-8]. HapyweHaTta dyHKUMA Ha Makpoda-
rmTe 3a yHuLOXaBaHe Ha anonTo3HW eO03MHO-
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Fig. 6. Kaplan-Meier curve for reaching the composite endpoint
(time to exacerbation or death) stratified by CRP.

Correlation analysis

The most significant correlations in this
group of parameters were observed between
eosinophils (%) and resting oxygen saturation (r
= 0.35), between hematocrit and Charlson co-
morbidity index (r = -0.29), and between lymp-
hocytes (%) and resting left diaphragm amplitu-
de (r=0.27). Eosinophil counts showed an inver-
se correlation with packyears (r = -0.24), confir-
ming the predominance of neutrophilic inflam-
mationin smokers.

Hematological parameters correlated poorly
with the number of exacerbations at 1-year
follow-up. Lymphocyte percentage (r = -0.13),
al-antitrypsin (r = 0.11), and platelet count (r =
0.09) had the highest coefficients.

Discussion

This study performed descriptive, correlatio-
nal, and Kaplan-Meier analyses of hematologic
parameters as predictors of exacerbation or
deathin patients with COPD.

COPD is a chronic respiratory disease that is
associated with systemic inflammation, and it
could be associated with a higher risk of exacer-
bations and an increased number and/or severi-
ty of comorbidities [2]. Exacerbations play an im-
portant role in the natural course of COPD, being
one of the major causes of mortality [3].

Neutrophilic inflammation is a major feature
of COPD [4], but 20-40% of patients demonstrate
an eosinophilic phenotype [5-8]. Impaired mac-
rophage function to destroy apoptotic eosino-
phils in COPD results in the release of intracel-
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éuvnmn npyn XOBb Boan fO O0CBOGOXAaBaHe Ha
BBTPEKNETbYHU MPOUHPIAMaTOPHU LIUTOKUHN 1
€ CBbp3aHa C yBENIMYEHA TEXeCT 1 YyecToTa Ha
ek3auepbaunnTe [9].

EO3MHOPUAHMAT Bb3ManuTenieH OTroBop OT
Jpyra CTpaHa BCe OLLe He € HaMbJIHO NMPOYYeH,
HO MOXe [la yNieCHM Bb3HVKBaHETO Ha eK3alep-
6auun [10]. Han-BepoATHUTE NPUYMHK 33 YBe-
NnYeHaTa YyecToTa Ha ek3auepbauny npu eosu-
HodWNHO Bb3MNaneHme ca 0ToK, peMogenvpaHe u
NPoMsAHa Ha reomeTpusATa Ha AuXaTenHUTe Mb-
TULLA 1 NPOM3BOACTBO Ha MyKyc [11].

GOLD npenopbuBa rpaHnYHa TouKa 3a bpoi
Ha eo3nHoGUNM B KpbBTa =300 KneTkn/pL KaTto
MPOrHOCTMYEH MapKep 3a OTFOBOP KbM Tepanus
cICS, nnn =100 kneTkn/UL npr naLmeHTn C NoHe
[Be CpefHO-TEeXKU WM eflHa TeXKa eK3auep-
6auus Npu nunca 3al0BOSIUTESNIEH KOHTPON OT
TepanusiTa c 6poHxoannaTatopu. Benpeku ToBa
ronAm cuctemaTmyeH aHanm3 Ha 11 paHgomu-
3UpaHN NPOoYyYBaHMA He NOKa3Ba BPb3Ka Mexay
e031HOUNHNUA BPOoIi 1 pUCKa OT ek3auepbauma
[12]. MoBuweHMAT eo3nHodmneH 6poli B KpbBTa
e puckoB dakTop 3a ek3auepbauusa B HAKOU
npoyuBaHua [13-15], HO apyrn aBTOpM He Mo-
TBbPKAABAT Te3u pe3yntatn[16,17].

B TOBa NpoyuBaHe KakTo HeyTpodunuTe, Taka
1 e03nHOGUNINTE He Ca NPeAVKTOPY Ha prCKa 3a
ek3auepbauusa nnm cMbpT. OTHOLIEHMETO HEYT-
podunu/numdoumntn (NLR) B neprndepHa KpbB e
nokasaTesl, KOWTO B MOCNEAHUTE FOAVHU BCe
noseye ce NpPoyyBa KaTo MapKep Ha CUCTEMHO
Bb3nasieHne, 0cobeHo KaTo ce uma nNpeasua, ve
TOW e 6bp3, WWMPOKOJOCTBMNEH U C HUCKa cebe-
CTOMHOCT. AGCONOTHNAT OpOoIi Ha yyacTBaLuTe B
UMyHonormyHata GyHKUMA KNeTkn B nepudep-
HaTa KPbB M TEXHMTE OTHOLLEHUA MOXe TOYHO fia
0Tpa3n XPOHUYHOTO M OBOCTPEHOTO Bb3nase-
Hue [18-20]. Taylan et al. noTBbp>KAaBaT NPeBbH3-
xopctBoTo Ha NLR cnpamo CRP, 6pos Ha neBKko-
uutnTe 1 CYE KaTo NpeanKTop 3a ek3auepbaumsa
[21]. CpepgHute ctomHocTM Ha NLR B TAXHOTO
npoyuyBaHe MpPU KOHTPOJSIHA rpyna, nauuveHTu
Cbc cTabunHa XOBb 1 B ek3auepbauus ca CboT-
BeTHO 1.7, 3.1 1 7.1 (p<0.001). NpaHWYHa CTON-
HocT Ha NLR ot 3.29 B TOBa NpoyyBaHe nokassa
80.8% uyBCTBUTENHOCT U 77.7% cneundunyHocT
KaTo NpefuKTop 3a ek3auepbauus. CxoaHM ca u
pe3ynTtatute oT npoyuBaHeTo Ha Yousef et al. —
NLR npwu ctabunHa XOBbb e 3HauMMo no-B1COKo
cnpAmo 34paBu KOHTponu (2.36 cpewty 1.45) un
kopenupa ¢ CRP, CYE n neBkouunTHUA bpoi [22].
Cbulo Taka Npu eksauepbauua ce Habnogasa
3HaYMMO HapacTBaHe (4.44 cpewy 2.36), a
rpaHnyHa CTOMHOCT 3.12 MMa 4YyBCTBUTENHOCT
86.7% 1 cneunduryHOCT 76.7% 3a yCTaHOBABaHe
Ha ek3aLepbauus. B To31 KOHTEKCT HAaCcTOALWOTO
npoyuBaHe yCTaHOBABa CXOAHa ONTMMasHa rpa-
HMYHa Touka oT 3.27. NLR obxBalya HeyTpodu-
NUATa KaTo MapKep 3a Bb3naneHve v numadone-
HUATA KaTo MapKep 3a HaMasneHa MMyHHa KOM-
NeTeHTHOCT WU BJIOWEHO 3PaBOC/IOBHO CbC-
ToAHVeE U AaBa nHbopMaLma 3a TexecTTa U ak-
TBHOCTTa Ha XOBb B no-ronama cteneH cnpamo
[BaTa KOMMOHeHTa no otaenHo [23].

lular proinflammatory cytokines and is associa-
ted with increased severity and frequency of
exacerbations [9].

The eosinophilic inflammatory response, on
the otherhand, has notyetbeen fully studied but
could facilitate the occurrence of exacerbations
[10]. The most likely causes of the increased inci-
dence of exacerbations in eosinophilic inflam-
mation are edema, airway remodeling and geo-
metry change, and mucus production [11].

GOLD recommends a cut-off point for blood
eosinophil count =300 cells/pL as a prognostic
marker for response to ICS therapy, or =100
cells/uL in patients with at least two moderate or
one severe exacerbation in the absence of suffi-
cient control with bronchodilator therapy. Ho-
wever, a large systematic analysis of 11 randomi-
zed trials showed no association between eosi-
nophil count and the risk of exacerbation [12].
Increased blood eosinophil count is a risk factor
for exacerbation in some studies [13-15], but ot-
herauthorsdo not confirmtheseresults[16,17].

In this study, both neutrophils and eosino-
phils were not predictors of risk of exacerbation
or death. The neutrophil/lymphocyte ratio (NLR)
in peripheral blood is an indicator that has been
increasingly studied in recent years as a marker
of systemic inflammation, especially given that it
is rapid, widely available, and at low cost. The
absolute number of cells involved in immuno-
logical function in peripheral blood and their
relationships could accurately reflect chronic
and increased inflammation [18-20]. Taylan et al.
confirmed the superiority of NLR over CRP, leuko-
cyte count, and ESR as a predictor of exacerba-
tion [21]. Mean NLR values in their study in the
control group, stable COPD, and patients with
exacerbation were 1.7, 3.1, and 7.1, respectively
(p<0.001). The NLR cut-off value of 3.29 in this
study showed 80.8% sensitivity and 77.7% spe-
cificity as a predictor of exacerbation. The results
of the study by Yousef et al. were similar - NLR in
stable COPD was significantly higher compared
to healthy controls (2.36 vs. 1.45) and correlated
with CRP, ESR, and leukocyte count [22]. Also,
there was a significant increase in exacerbation
(4.44 vs. 2.36), and a cut-off value of 3.12 had a
sensitivity of 86.7% and specificity of 76.7% for
detecting exacerbation. In this context, the pre-
sent study found a similar optimal cut-off point
of 3.27. The NLR encompasses neutrophilia as a
marker of inflammation and lymphopenia as a
marker of reduced immune competence or im-
paired health and provides information on the
severity and activity of COPD to a greater extent
relative to the two components separately [23].



3aknioveHue

OnTuManHaTa rpaHMYHa ToUKa Ha OTAeNHUTe
XeMaTOoNOrMYHN NapaMeTpu He oCurypsaBa cra-
TUCTMYECKA 3HAYMMOCT MPW NPOrHo3npaHe Ha
KOMMO3MTHaTa KpaiHa Touka, CbCToslaTta ce oT
BpeMme 10 MbpBaTa eK3auepbauma nnm cMbpT 3a
egHoroguwieH nepuof. EANHCTBEHMAT 3HauMm

Conclusion

The optimal cut-off point of individual hema-
tologic parameters does not provide significan-
ce in predicting the composite endpoint con-
sisting of time to first exacerbation or death over
oneyear.The only significant parameter was NLR
with the optimal cut-off point of 3.27.

nokasarten e NLR c onTmanHaTta rpaHnyHa Touka
3.27.
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