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Pesiome

MpepcvpaHoTo MbxaeHe (MM) e Han-yecTo CcpelyaHaTa CbpheyHa apuTMKA. TA ce ABABA B XOAa
Ha MHOTO CbPAEYHM 1 U3BbHCBPAEYHN 3a60MABaHMSA: apTepuasiHa XUMNEePTOHMSA, CXEMUYHa 6oNecT Ha
CbpPLETO, CbpAeYHa HEAOCTATbYHOCT U XPOHUYHA 06CTPYKTVBHA benoapobHa 6onect (XOBB). Bbnpekn
N3BECTHUA PUCK OT 13aBa Ha MM npwu nayueHTn ¢ XOBb unn cnep octbp KopoHapeH cuHapom (OKC),
npoyuBaHMATa HacoyeHW KbM KOMOMHauMATa Ha Te3n ABe 3abonABaHMA ca ocKkbAHW. Llenta Ha
HaCTOALOTO M3CNefBaHe e Aa ce Npocneamn YectoTata Ha HoBonoAaswo ce NM egHa rognHa cneg ocTpun
KOPOHapeH MHUMAEHT Npu 601HN C Npuapyxasalla 6enogpobHa 06CTpyKLUA.
Martepunan n metogn

MN3cnepBaHeTo obxBala obwo 140 nocnepoBaTesiHy NaUMEHT OT ABaTa Mosa, AUarHoCTU-
umpanu ¢ OKC. 3cneasaHunTe nnla ca pasfgeneHu Ha Ase rpynu. [pyna A skntousa 75 nauneHTtn c OKC m
XOBb, a rpyna b cbotBeTHO 65 nauneHTa ¢ OKC 6e3 XOBb. CbbpaHy ca fJaHHW 3a KINUHUKO-Aemorpad-
CKUTE XapaKTePUCTUKM Ha yYacTHULMTE, N3BbpLUEHO e GYHKLMOHANHO 13cNiefiBaHe Ha JMLLaHeTo npu
nuuata ¢ 6enofpobHa obcTpyKumA. MpocneaeHa e AHaMMKaTa Ha eneKkTpoKapAmMorpama 3a ussea Ha
MM epHa rogmnHa cnep OKC.
Pesyntatn

CpepHaTta Bb3pacT Ha 13cneABaHata nonynauma e 64.96 + 9.50 roanHu, KaTo ABeTe rpynu ca
XOMOTeHH/ No non. ApTepuanHaTta XMNepTOHUA e Hal-4ecTo CpeLlaHUAT pUckoB GakTop 1 3a ABeTe
rpynu. MaunentuTte ¢ XOBb ca no-yecto akTMBHU nywaun (57.3% vs 47.7%, p=NS) n c npngpy<asaLy,
3axapeH anabeT (55% vs 45%, p=NS). Te ca no-cnabo MOTUBMpPaHM Jja peayumpar TenecHoTo Terno (55.8%
vs 44.2%, p=NS). N3aBaTa Ha HoBONoABWO ce 1M egHa roguHa cnegf oCcTpuA KOPOHAPEH MHLMAEHT CbLLO
€ Nno-B1COKa BTasu rpyna.

B 3akntoueHne nauneHTuTe € npugpyxasawa XObb nmat no-ronam puck ot nsaea Ha MM cnep
OKC cpaBHeEHO C KOHTPOJIHA rpyna 6e3 6enoapobHa 06CTPyKLMS.

KnioyoBu gymm: npefcbpfHO MbXKAEHe, OCTbp KOPOHapeH CUHAPOM, XPOHMYHA OOCTPYKTUBHA
6enonpobHabonect



ATRIAL FIBRILLATION

IN PATIENTS WITH ACUTE
CORONARY SYNDROME

AND CHRONICOBSTRUCTIVE
PULMONARY DISEASE

S. Nikolaeva', D. Petkova®, A. Angelov®

! Cardiology department, MHAT Dobrich, Dobrich

? Clinic of Pneumology and Phthisiology, UMHAT "St. Marina"
Medical University - Varna

3 First cardiology clinic, UMHAT "St. Marina"

Medical University - Varna

Abstract

Atrial fibrillation (AF) is the most common heart arrhythmia. It occurs in the course of many
cardiacand non-cardiac diseases: arterial hypertension, ischemic heart disease, heart failure, and chronic
obstructive pulmonary disease (COPD). Despite the known risk of atrial fibrillation in patients with COPD
or after acute coronary syndrome (ACS) , studies focused on the combination of these two diseases are
scarce. This study aims to monitor the incidence of newly formed AF in patients with concomitant
pulmonary obstruction one year following an acute cardiac event.

Materialsand methods

The study involved a total of 140 consecutive male and female patients diagnosed with acute
coronary syndrome. The subjects were divided into two groups. Group A includes 75 patients with ACS
and COPD, and Group B includes 65 patients with ACS without COPD. Data on the clinical and
demographic characteristics of the participants were collected, and a functional respiratory examination
was performed on individuals with pulmonary obstruction. The dynamics of electrocardiogram for the
manifestation of AF one year after an acute coronary syndrome were tracked.

Results

The mean age of the studied population was 64.96 + 9.50 years, and both groups were
homogeneous in terms of gender. Arterial hypertension is the most common risk factor for both groups.
Patients with COPD are more often active smokers (57.3% vs 47.7%, p=NS) and have concomitant
diabetes mellitus (55% vs 45%, p=NS). They are less motivated to reduce their body weight (55.8% vs
44.2%, p=NS). The incidence of new-onset atrial fibrillation one year after acute coronary event is also
higherin thisgroup.

In conclusion, patients with concomitant COPD have a higher risk of developing AF after ACS
compared to a control group without pulmonary obstruction.

Key words: atrial fibrillation, acute coronary syndrome, chronic obstructive pulmonary disease
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YBog

MpepcvpaHoTo MbKaeHe (MM) e BUCoKouec-
TOTHO efleKTpuYecko Bb3OyxAaeHMe Ha npeg-
CcbpamAaTa>350/min, BoAeLwo [0 N1nca Ha npea-
CbPAHU KOHTPaKUMW. ATpUanHuTe CTeHN NPaBaT
ManKK, MOBBPXHOCTHU 1 HEPaBHOMEPHU [ BUKe-
HUsi 6e3 edekTBHa NpeacbpAHa cuctona [1].
ToBa e Hall-yecTaTa HaiKamepHa apUTMuA B 00-
wata nonynauua. Cunta ce, ye mexgy 6 1 12 MiH.
UHOMBMAN Wwe 6bAaT 3acerHaty oT TO3W BUA
aputmua go 2050 r. 8 CALL, 17.9 mnH. oT xutenu-
Te Ha EBponeiickua cbio3 — go 2060 r. u 70 MAH.
asvaTum-pao2050r.[2,3,4].

HapacTtBaHeTo Ha 6pos Ha nuuaTta ¢ npeg-
CbPAHO MbX[eHe, OCBEH B pe3ynTaT OT 3acTaps-
BaHEe Ha HacesIeHNETo, € 1 BbB Bpb3Ka C HapacT-
BaHe ToBapa Ha puckosuTe paktopu (PO) [5]. Ka-
TO HaM-yecTO TOBa Ca: HanpedHana Bb3pacT,
MDBXKW MOJI, IeBOKaMepHa AUCPYHKLUA/Cbp-
fJeyHa HepocTaTbyHOCT (CH), xvnepTpoduuHm
KapAavomumonaTuu, NeBoKamMmepHa xuneptpoous,
ncxeMmyHa 6onect Ha cbpueto (MBC), peBma-
TUYHa KNanHa 60oecT, apTepuanHa XMnepToHuA
(AX), 3axapeH gmabet (3[1), TioTIOHONYyLIEHE,
6enoapobHn 6onecTu [6].

HAakonko ca ocHOBHMTE NAaTOPU3NONOTNYHN
MEXaHV3MW, KOUTO JOMPUHACAT 3a u3ABaTa Ha
MM. Han-yecto ToBa ca enekTpnyecko 1 CTpyK-
TYPHO pemMopenupaHe, peakuus Ha aBTOHOM-
HaTa HepBHa crcTemMa U NPOMEHN B KanuueBus
MeTabonnsbM [7]. Tean mexaHn3mm ce nopaxkaat
NMouYTK BMHaru BbB BPb3Ka CbC CbpfeyHo 3abo-
nAsaHe [8, 9]. HannuneTto Ha KOpPOHapHa apTepu-
anHa bonecT e YecTo cpeLlaHo Npu NauneHTn ¢
XPOHUYHA OOCTPYKTUBHA 6GenoapobHa Gonect
(XOBB) n Mmoxe Ja noBnvse Ha apUTMOreHHMUA
cy6CTpaT, KOeTo AOMbHUTENHO YBeNYaBa pyc-
Ka oT aputmun [10]. laHHWTe OT NpoyyBaHUATa
COouaT, ue efjHa neta OT NALMEHTUTE C OCTbP MUO-
KapaeH nHpapkT passusaT M B ocTpaTta dasa
WV MO BPeMe Ha Npoc/ieasiBaHe, KOETO yBOABa
prcKa OT CMbPT MO BCAKakBa npuumHa [11, 12].
Ot gpyra cTpaHa XMNoKCMATa M XPOHNYHOTO Bb3-
naneHune, xapaktepHu 3a XObb, BogAT fo aKTu-
BMPAHETO Ha XUMNOKCUA-MHAYLMpaL, gakTtop 1,
TpaHchopMmMpall pactexxeH dakTop 1, cbaos
eHpoTeneH pacTexkeH GaKkTop U MaTPUKC MeTa-
nonpoTenHasmn. Bcruku Te B KOMOMHALMA UHAY-
umMpat npefcbpaHo pemogenupaHe n ¢pubposa
[13]. PecnnpaTopHaTa ayuao3a BoAM 40 YobIxKe-
Ha nNpeacbpgHa genonspuvsauna 1 yBenMyeHa
pedpakTepHocT[14].

[aHHuTe coyar, ye okono 8% oT nauneHTuTe C
XOBb mmart MNMM. CblieBpemMeHHO NpubnnsnTen-
HO 13% ot 6onHuTe ¢ MM rmat 1 XOBB [15]. Yec-
TOTaTa Ha NpeACbpAHa apUTMUA crief OCTbP Ko-
poHapeH cuHapom (OKC) e okono 10% [16]. Bb-
NPeKn N3BECTHUA PUCK OT NPeACbPAHO MbXKAe-
He npu nayneHT ¢ XObb nnn octbp MnokapaeH

Introduction

Atrial fibrillation (AF) is a high-frequency
electrical excitation of the atria >350/min, lea-
ding to a lack of atrial contractions. The atrial
walls make small, superficial, and irregular move-
ments without effective atrial systole [1]. This is
the most common supraventricular arrhythmia
in the general population. It is estimated that
between 6 and 12 million individuals will be
affected by this type of arrhythmia in the United
States by 2050, 17.9 million of the European
Union's inhabitants by 2060, and 70 million
Asians by 20501(2, 3,4].

Along with the effects of population ageing,
the rise in the load of risk factors (RF) is linked to
the increase in the number of individuals with
atrial fibrillation [5]. The most common risk fac-
tors are: advanced age, male gender, left ventri-
cular dysfunction/heart failure (HF), hypertro-
phic cardiomyopathy, left ventricular hypertro-
phy, ischemic heart disease (IHD), rheumatic
valve disease, arterial hypertension (AH), diabe-
tes mellitus (DM), smoking, and pulmonary
disease [6].

Several are the main pathophysiological
mechanisms that contribute to the manifesta-
tion of AF. The autonomic nervous system's
reaction, structural and electrical remodelling,
and modificationsin calcium metabolism are the
most common examples of this [7]. Heart disease
is the most prevalent trigger of these processes
[8, 9]. The presence of coronary artery disease is
common in patients with chronic obstructive
pulmonary disease (COPD) and can affect the
arrhythmogenic substrate, further increasing
the risk of arrhythmias [10]. Data from studies
indicate that one-fifth of patients with acute
myocardial infarction develop PM in the acute
phase or during follow-up, which doubles the
risk of death from any cause [11, 12]. On the other
hand, hypoxia and chronic inflammation, cha-
racteristic of COPD, lead to the activation of
hypoxia-inducible factor 1, transforming growth
factor B1, vascular endothelial growth factor,
and matrix metalloproteinases. All of these, com-
bined, induce atrial remodeling and fibrosis [13].
Respiratory acidosis leads to prolonged atrial
depolarization andincreased refractoriness [14].

Data show that about 8% of COPD patients
have AF. At the same time, approximately 13% of
patients with AF also have COPD [15]. The fre-
quency of atrial arrhythmia after acute coronary
syndrome (ACS) is approximately 10% [16].
Despite the known risk of atrial fibrillation in pati-
ents with COPD or acute myocardial infarction,



NH}APKT, KaKTo 1 NPUNOKpUBaLLaTa UM ce eTno-
naToreHesa, NPOy4YBaHNATA, HACOYEHU KbM KOM-
6uHauma oT aBeTe 3ab0MnABaHUA, Ca OCKbAHW.
Llenta Ha HacTOALLOTO NpoyyYBaHe e Aa Ce OLeHN
dann XObb e cBbp3aHa c noBuULLEH pUCK OT Npea-
cbppHu aputmum cneg OKC.

Matepuan v metogn

M3cnepgsaHeTo obxBalla o6uo 140 nocneno-
BaTeSIHW NaUMEHT OT iBaTa Nosla, ANarHoCTUL M-
paHu ¢ OKC 1 xocnntanmsnpaHu B UHTEH3UBHNA
CEKTOpP Ha OTAeNIeHNEeTO MO KapAuosiorna Kbm
MBAN Oobpnu ALl. NU3cnepBaHuTe nuua ca pas-
LeneHn Ha iBe rpynu B 3aBUCUMOCT OT Hannyume-
TO Ha ambynatopHo yctaHoBeHa XOBb. [lnarHo-
3aTa 6elue NOTBbpAEHA N Upe3 CMUPOMETPUYHO
nscneaBaHe [17]. Tpyna A BkntouBa 75 nayueHTn
¢ OKC 1 XOBb, a rpyna b cboTBeTHO 65 NaLmeHTa
¢ OKC 6e3 XObb. Kbm ToBa onpepeneHe cnagat
nvua Hag 18-roguiuHa Bb3pacT, 4anu cbriacue-
TO CM A yyacTBaT B MPOYYBAHETO 1 OTrOBapALLM
Ha KIMHWYHNTE XapaKTePUCTUKM 3a HeCTabunHa
aHrHa NeKTOPUC, MMOKapAeH UHpapKT 6e3 ST-
eneBauya 1N oCTbp MHDAPKT Ha MMOKapAa ¢ ene-
BauuAa Ha ST-cermeHTa (STEMI) [18]. Bcnukm na-
LMeHT 65xa NeKkyBaHM criopef akTyasHUTe npe-
nopbku 3a OKC Ha EBponenckoTo Kapanonorny-
Ho ApyxecTBo [19].

Mpn BCMYKM NaLMEHTN e NPOBEAEHO MbJIHO
KINUHUYHO 06CnefBaHe, KOETO BK/IOYBA aHaMHe-
CTUYHU U KNTMHUYHU JaHHW, OnpefeniiHe Ha Cbp-
[EeYHO-CbAOBUA PUCKOB NMPodun 1 KIMHUYEH
nperneg.

M3non3BaHu ca cnepHuTE MHCTPYMEHTANHU
MeToAu:

- Enektpokapguorpama (EKI) B nokom cbc
ckopocT 25 mm/s c enekTpokapgauorpad Contec
ECG 1200 G. Vi3cnegBaHa e cCbpAeyHaTta yectoTta
1 n3ABaTa Ha PUTBMHO-NPOBOAHY HAPYLLEHNA B
yacTHocTHa M.

— TpaHCTOpaKanHa exokapauorpadus c ana-
paT Esaote MyLabSix 3a oueHKa Ha dpaKLmaTa Ha
n3TrnackeaHe Ha nasa Kamepa (JIKOW) cnopen
NpenopbKUTe Ha eBPOMNENCKOTO APYXKeCTBO Mo
exokapguorpasdua[20].

- PV NaUUeHTMTE C aMOYNaTOPHO yCTaHOBe-
Ha XOBb ce npoBefe GyHKUMOHANHO u3cnea-
BaHe Ha auwaHeTo ¢ anapat Medical Internatio-
nal Research lll. Llenta e ga ce onpegenu ¢opcu-
paHua ButaneH kanauuteT (PBK%), bopcupanHua
ekcnupatopeH obem 3a 1 cekyHaa (DEO1%), Kak-
TO U cboTHowweHneTo OEO1/OBK no craHgapTtu-
3MpaHa MeTOAMKA CbIracHO aKTyanu3upaHuTe
npenopbKu Ha AMepPUKaHCKOTO TOpaKanHo Apy-
XecTBo, 15-30 MMHYTU criesl 6poHxoamnnaTauus ¢
400 pg Canbytamon [17].

Bcruku yyacTHULM B npoyyBaHeTo 6sxa npo-
cnefeHn Ha WecTy 1 ABaHajeceT! Mecel, oT OCT-
puVA KOPOHAPEH MHLMAEHT.

as well as their overlapping etiopathogenesis,
studies focused on the combination of both
diseases are scarce. The aim of this study is to
assess whether COPD is associated with an in-
creased risk of atrial arrhythmias after ACS.

Materialand methods

The study involved a total of 140 consecutive
male and female patients diagnosed with acute
coronary syndrome and hospitalized in the in-
tensive care unit of the cardiology department at
Dobrich Hospital AD. The subjects were divided
into two groups based on the presence of out-
patient-diagnosed COPD. The diagnosis was also
confirmed by spirometry [17]. Group A includes
75 patients with ACS and COPD, and Group B
includes 65 patients with ACS without COPD.
This definition includes individuals over 18 years
of age who have given their consent to partici-
pate in the study and meet the clinical characte-
ristics for unstable angina pectoris, non-ST-ele-
vation myocardial infarction, and ST-segment
elevation myocardial infarction (STEMI) [18]. All
patients were treated according to the current
ESCguidelinesfor ACS[19].

All patients underwentafull clinical examina-
tion that comprised a physical exam, an assess-
ment of cardiovascular risk profile, and anamne-
sisand clinical data.

The following instrumental methods were
used:

- Resting electrocardiogram (ECG) at 25
mm/s with Contec ECG 1200 G electrocardio-
graph. Heart rate and the manifestation of
rhythm-conduction disorders, particularly in the
AF, were examined.

- transthoracic echocardiography with Esa-
ote MyLabSix device to assess left ventricular
ejection fraction (LVEF) according to the recom-
mendations of the European Society of Echocar-
diography[20].

- a functional respiratory examination was
performed on patients with ambulatory-diagno-
sed COPD using a Medical International Research
llldevice.The goalis to determine the forced vital
capacity (FVC%), forced expiratory volume in 1
second (FEV1%), and the FEV1/FVC ratio using a
standardized methodology according to the up-
dated recommendations of the American Tho-
racic Society, 15-30 minutes after bronchodila-
tion with 400 pg Salbutamol [17].

All participants in the study were followed up
at six and twelve months after the acute coro-
nary event.
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CratucTnyeckata o6paboTka Ha faHHUTe ce
M3BBPLUN C MOMOLLTa Ha codTyepHa nporpama
SPSS mac OS 10.15. Mi3non3BaH e feCKpUnT1UBEH
aHanM3 3a YeCcTOTHO pasnpefeneHne Ha pas-
rnexaaHvTe Npr3Haun. 3a HUBO Ha 3HAYVMIMOCT U
OTXBbpJIAHE Ha HyNeBaTa XunoTesa ce n3bpa p <
0,05.

PesynrtaTtn

KnuHnYHOTO n3cnenBaHe BKtouBa o6Lo 140
naumeHTa Ha cpefiHa Bb3pacT 64.96 + 9.50 rogun-
Hu. Fpyna A ce cbcTom OT 75 maymneHTta — CboT-
BeTHO - 31 (41.33%) »eHn n 44 (58.67%) mbxe.
lpyna b Bkntousa 65 nuua pasnpegeneHn No non
- 23 (35.38%) »keHn 1 42 (64.62%) mbxe. Ha Tab-
nuua 1. ca NokKasaHu gemorpadpckmTe U KNMHNUY-
HW XapakTepuUCTMKN Ha mM3cnegBaHaTa nonyna-

yms.
(n=75) (n=65)
oo [

TioTtoHonywwee: (%)

-[a 0.459

!E

!I‘

0.35

- buBLY NyLay 0.765

0.288

- He

e |05721888] 57221610 0a0d
Tucnunupemus (%) 45.2% 54.8% 0.258
3axapeH anaber tun 2/HBXT(%) 55.0% 45.0%

HagHopmeHo Te opes UTM 55.8% 44.2% 0.445

>25 kr/m? (%)
Ta6n. 1. [lemorpadicka 1 KNMHUYHA XapaKTepucTiKa
Ha NaLueHTUTe B JiBETE rpymu.

Ot knacuueckmte PO 3a MBC, apTepuanHata
XVMNEPTOHMSA € Hall-4eCTo CpeLlaHnAT GakTop 1 B
asete rpynu (98.7% vs 100%, NS). MauneHnTnTe C
XOBb ca no-yecto akTMBHU nywaun (57.3% vs
47.7%). VimaT 0aBHOCT Ha TIOTIOHOMYLEHETO
CpefHo NeT roAuHN NoBeYye B CPaBHEHNWE C KOH-
TponHaTta rpyna (20.57+18.65 vs 15.72+16.40,
p=0.107). B n3cnegsaHata oT Hac nonynauma nu-
LaTa c npuapy»asalla benoapobHa 06CcTpyKLUs
ca no-yecto ¢be 31 (55.0% vs 45%, p=NS) n ca c
HagHopmeHo Terno (55.8% vs 44.2%, p=NS) B
CpaBHeHue c bonHuTe 6e3 XOBb.

Cnopen npenopbkute Ha EBponenckoTto
KapAMONOrMyHo A pyKeCTBO 3a oLeHKa Ha JIKOU
cnep OKC [20] npy BCUYKKM yyacTHULUM 6e npo-
BefleHa TpaHCTOpaKasHa exokapaunorpadua-
Qur. 1.

The statistical processing of the data was per-
formed using the SPSS mac OS 10.15 software
program. A descriptive analysis of the frequency
distribution of the characteristics in question
was used. A p-value of less than 0.05 was chosen
as the significance level and for rejecting the null
hypothesis.

Results

The clinical study included a total of 140
patients with a mean age of 64.96 + 9.50 years.
Group A consists of 75 patients, 31 (41.33%)
female and 44 (58.67%) male. Group B includes
65 individuals, divided by gender: 23 (35.38%)
women and 42 (64.62%) men. Table 1 shows the
demographic and clinical characteristics of the
study population.

Male/Female
Risk factors for IHD -
Arterial hypertension, (%) 98.7% 100%

Smoking, (%)
-yes 0.459

!I'

0.35!

- ex-smoker 0.765

0.288

-n
Package per years 20.57£18.65( 15.72+16.40 [ 0.107
Dyslipidemia, (%) 45.2% 54.8% 0.258

0

Type 2 diabetes mellitus (%)

55.0% 45.0%

55.8% 44.2% 0.445

Table 1. Demographic and clinical characteristics of patients
in both groups.

Overweight according to BMI
>25 kg/m” (%)

Among the classical risk factors for IHD, arte-
rial hypertension was the most common in both
groups (98.7% vs 100%, NS). Patients with COPD
are more often active smokers (57.3% vs 47.7%).
They have a history of smoking an average of five
more years than the control group (20.57+18.65
vs 15.72+16.40, p=0.107). In the population we
studied, individuals with accompanying pulmo-
nary obstruction were more likely to have DM
(55.0% vs 45%, p=NS) and were more likely to be
overweight (55.8% vs 44.2%, p=NS) compared to
those without COPD.

According to the recommendations of the
European Society of Cardiology for the evalua-
tion of LVEF after acute coronary syndrome [20],
transthoracic echocardiography was performed
inall participants—Figure 1.
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Our. 1. Pasnpesenexne Ha nawueHTITe OT ABETE rpyny
cnopeg u3xopHuTe ctoitHoctin Ha JIKOU (%).

CpefHaTa CTOMHOCT B HayanoTo Ha npocre-
aasaHeto e 50.27 £8.41%, p=0.445 v npn aBeTe
rpynu. Han-ronam gan nauveHtn uma c JIKOU
Hap 50%, cboTBeTHO 65.30% OT 6oNHMTE B rpyna
A B cpaBHeHue ¢ 60.3% ot Te3un B rpyna b, p=NS.
EpnHa rogmnHa cnep ocTpra KOPOHapeH MHLUMAEHT
yCTaHOBUXMe npeobnafaBaHe Ha GpaKkuuaTa Ha
n3tnackeaHe nog 40% npwu nuuarta c npuapy*xa-
Bawa XObb (15.09% vs 12%, p=0.649). lMpwn
nauneHtute ¢ OKC 1 ambynaTopHO yCTaHOBEHa
XOBbB 6e npoBefeHO 1 GYHKLMOHANHO rU3cnes-
BaHe Ha AMLWAHeTO Mo CTaHAAPTU3MPaH NPOTO-
kon [17]. Bcuuku nscnegBaHn nvua oTroBapaT
Ha KpuTepuute 3a dMKcMpaHa obCTpyKuuA.
CpepHaTa ctoHocT Ha OEO1 cnen 6poHxoauna-
Taunae52.52+15.78% oT npefB. CTOMHOCT.

Mpwn BcMuKkM 6oMHM Ge aHanu3npaHa enek-
TpOoKapamorpamara npv npuemaHe 1 B gUHaMu-
Ka B XOAa Ha npocnefAsaBaHeTo. VI3xoaHUTe Aak-
HW oT nposefeHata EKI B HaweTo nscnegsaHe
noka3saxa npeo6nafasall, CMHYCOB PUTbM 1 3a
asete rpynu (85.3% vs 86.2%, p=0.762). MNepma-
HEHTHO NMpeACbpAHO MbXKAEHe ce perncrtpupa
npu 8% ot nuuata ¢ XObb. CpepgHata cbpaeyHa
yecToTa B MOKOW Mpu nuuaTta oT rpyna A belwe
78.9/min (£10.1/min), a 3a rpyna b - 75.6 /min
(£12.3/min), p<0.001.

LecT meceua cnep ocTpra KOPOHaPEH NHLU-
[EeHT yCTaHOBMXMe, Makap 1 CTaTUCTUYECKN He-
3HaAUMMO, no-rofsam asan Ha MM npu 6onHuTte ¢
OKC n XOBbB (16.13% vs 12.73%, p=NS). Jo kpas
Ha NPOYYBaHETO perncTprpaxme ooLLo 32 CMbpT-
HW cnyyas, KaTo 25.3% OT TAX ca perncrpupaHmn
npw naumeHTuTe C 6enoapobHa obcTpykums. Toa
06ACHABA 1 MO-HUCKMA MPOLEHT Ha MaumeHTn C
M B kpas Ha 12-ua mecel, - Qur. 2.

N=62

p=NS
HE Bn

TpynaA  Tpynab

8.00% | 9.23% 16.13% | 12.73% 13.21% 12.00%

B Hauanoto

6-Tn Mecel 12-1 meceyy

Our. 2. /1398 Ha NPeACHPAHO MbXfeHe Npu ABETe rpynu
efiHa rogunHa cnep 0KC.
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EF under 40%

Figure 1. Distribution of patients from both groups according
to baseline LVEF values (%).

EF between 40-49% EF over 50%

The average at the beginning of the tracking
was 50.27 £8.41%, p=0.445 for both groups. The
largest proportion of patients had LVEF over
50%, with 65.30% of patients in group A com-
pared to 60.3% of those in group B, p=NS. A year
after the acute coronary incident, we found that
the ejection fraction was below 40% in people
with accompanying COPD (15.09% vs 12%,
p=0.649). Patients with ACS and outpatient-
diagnosed COPD underwent a standardized
respiratory function test [17]. All the people
studied met the criteria for fixed obstruction. The
mean FEV1 after bronchodilation was 52.52
+15.78% of the pre-bronchodilation value.

The electrocardiogram was analyzed for all
patients upon admission and in dynamics during
follow-up. The baseline ECG data from our study
showed a predominant sinus rhythm in both
groups (85.3% vs 86.2%, p=0.762). Persistent
atrial fibrillation is registered in 8% of individuals
with COPD. The mean resting heart rate for
Group A was 78.9/min (£10.1/min), and for
Group B, itwas 75.6/min (£12.3/min), p<0.001.

Six months after the acute coronary incident,
we found a statistically insignificant but higher
proportion of AF in patients with ACS and COPD
(16.13% vs 12.73%, p=NS). By the end of the
study, we had recorded a total of 32 deaths, with
25.3% of them occurring in patients with pulmo-
nary obstruction. This also explains the lower
percentage of patients with AF at the end of the
12th month —Figure 2.

N=62

p=NS
H N

GroupA  Group B

8.00%

9.23% 16.13% | 12.73% 13.21% 12.00%

At the beginning 6th month 12th month

Figure 2. Prevalence of atrial fibrillation in both groups
one year after the ACS.
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O6cbXKpaHe

HaweTo npoyuBaHe ycTaHOBM, Ye GoNHUTE C
XOBb ca no-Bb3pacTHU, BepOsATHO Nopaau epek-
Ta Ha OBArOCPOYHOTO TIOTIOHOMYLUEHE, KOETO
BOAV [0 M3siBaTa Ha 3ab0NsABaHeTO B MO-KbCeH
etan. Ferreira n cbTp. CbLLYO YyCTaHOBABAT NO-BU-
COKa cpefiHa Bb3pacT cpep nauyneHTuTe ¢ XObb n
OKC B cpaBHeHWMe ¢ Te3u 6e3 6enoapobHo 3a60-
naaHe (62 +9 vs 58 £10 roguHu, p=0.028) [21].
Bb3pactTa e 1 BTOpMAT no cuna PO 3a passutne
Ha NpeACbpAHO MbXAeHe crefl CbpAeYHaTa He-
[oCTaTbyHOCT. Bcekn ponbnHutenHu 10 rognHmn
KbM Bb3pacTTa yBenmyaBat pucka npu mbxe 2.1
MbTW, a NPYKEHN — 2.2 MbTN [22].

OcTpuAaT KopoHapeH cuHapom n XObb cno-
JENsAT KakTo o0LWM pUCKOBU daKTopu, Taka u
NPUNoKpueaLy ce nNaTodr3nONOrMUHN Mexa-
Hu3smu. MpoyuBaHeto VALIANT (Valsartan in
Acute Myocardial Infarction Trial) yctaHOBABa
rno-rofiiMa yectota Ha Knacuyeckute PO (31,
ancnnnungemma n AX) cpen naumeHtute ¢ OKC n
XOBb B cpaBHeHue c obwaTta nonynauus [23].
ToBa ce noTBbPXKAABA M OT Apyra CTyanaA, KOATo
OTKpVBa XUMNepTOHUYHa 6onect npu 52.3% ot
6onHuTe ¢ XOBb B cpaBHeHMe ¢ 44.9% OT KOH-
Tponute n cbotBeTHO 3/ (25.0% vs. 20.2%), anc-
nmnungemns (62.0% vs. 57.8%), 3aTnbCcTABaHEe
(40.8% vs. 36.8%) n ToTOHONYLWeEHe (77.0% vs.
37.4%) [24].

B m3cnepgBaHata OT Hac nonynauua ycrta-
HOoBUXMe, Ye AX e Ha-yecTo cpelaHmat PO n s
asete rpynu (98.7% vs 100%, NS). XunepTtoHunu-
HaTa 6onecT ce fABsIBa M BOAEL} HE3aBUCUM U
NOTEHLUMANTHO KOPUTrMpyeM pUCKOB dakTop 3a
MM. daHHuTe ot Framingham Heart Study no-
Ka3BaT, Ye NOBMLLEHOTO CUCTOJTHO HanAraHe yBe-
NNYaBa apUTMOreHHMA PUCK, KOETO e MPaBomnpo-
NMOPLMOHANHO 1 Ha YBEIMYEHOTO MYSIMOHASIHO
HanaraHe [22].

ChoTto npoyysaHe Hammpa n 40% puck ot
passuTne Ha M cpepn xeHnte nywauu. TioTio-
HOMYyLIEHETO MOBULIaBa OKCUAATUBHUA CTpec,
Bb3MaJIeHVeTo U BOAM 1O NpefAcbpaHaTa prbpo-
3a. UnrapeHunat oyum ce ABsABa 1 eiH OT OCHOB-
HuTe PO 3a pa3sutre Ha OKC n XOBb [22]. AnoH-
CKO MYNTULEHTPOBO MPOCMEKTUBHO NPOyYBaHe
npocnepsBa yecTtoTa Ha CbpPAEeYHO-CbAOBM
3abonsBaHuA npy 995 nywauu. Mpu 25.9% ot
6onHuTe c OKC ce yctaHoBaBa u XObb [25]. Mpwn
cpaBHeHure mexxgy nauyveHtn ¢ OKC n XOBb n
TakuBa 6e3 6enogpobHa 06CTPyKLMsA ce yCTaHo-
BABa CUrHMGUKaHTHa pa3nunKa B Non3a Ha BTopa-
Ta rpyna nayueHTn. Kato akTMBHM NyLiayu ce on-
penenat 45.3% ot nuuata ¢ XObb B cpaBHeHuMe ¢
35% oT KOHTpOJIHaTa rpyna, NpeycTaHOBUIIN TIO-
TIOHOMYLIEHEeTO ca CbOTBETHO (35.9% vs 24%,
p<0.001) [26]. Hue ycTaHOBUXMe TIOTIOHOMY-
weHe npu 57.3% ot 6onHUTe ¢ OKC n XOBbb n
47.7% npnTe3un 6e3 6enogpobHa obcTpyKuma. 3a

Discussion

Our study found that COPD patientsare older,
likely due to the effect of long-term smoking,
which leads to the manifestation of the disease
at a later stage. Ferreira et al. also found a higher
mean age among patients with COPD and ACS
compared to those without lung disease (62 +9
vs 58 +10 years, p=0.028) [21]. After heart failure,
age is the second most significant risk factor for
atrial fibrillation development. Every additional
10 years increases the risk by 2.1 times for men
and 2.2 timesforwomen [22].

Acute coronary syndrome and COPD share
both common risk factors and overlapping pat-
hophysiological mechanisms. The VALIANT (Val-
sartan in Acute Myocardial Infarction Trial) study
found a higher frequency of classical RF (DM,
dyslipidemia, and AH) among patients with ACS
and COPD compared to the general population
[23]. This is also confirmed by another study,
which found hypertension in 52.3% of patients
with COPD compared to 44.9% of controls, and
respectively, DM (25.0% vs. 20.2%), dyslipidemia
(62.0% vs. 57.8%), obesity (40.8% vs. 36.8%), and
smoking (77.0% vs. 37.4%) [24].

Arterial hypertension was the most prevalent
RF in both groups in the population we investi-
gated (98.7% vs. 100%, NS). Hypertensive disea-
se is also a leading independent and potentially
correctable risk factor for Ml. Data from the Fra-
mingham Heart Study show that increased sys-
tolic pressure increases the arrhythmic risk,
which is directly proportional to increased pul-
monary pressure [22].

The same study also found a 40% risk of
developing AF among female smokers. Smoking
increases oxidative stress, inflammation, and
leads to atrial fibrosis. Tobacco smoke is also one
of the main RFs for the development of ACS and
COPD [22]. In a multi-center prospective study
conducted in Japan, 995 smokers' prevalence of
cardiovascular diseases was monitored. COPD is
identified in 25.9% of ACS patients [25]. A com-
parison between patients with ACS and COPD
and those without COPD reveals a significant
difference in favor of patients with pulmonary
disease. Active smokers were 45.3% of the COPD
group compared to 35% of the control group,
while those who had quit smoking were 35.9%
vs. 24%, p<0.001 [26]. We discovered that 47.7%
of patients without pulmonary obstruction smo-
ked, compared to 57.3% of patients with acute
coronary syndrome and chronic obstructive pul-
monary disease. To assess the cumulative effect



[1a OLleHUM KyMynaTUBHUA edeKT BbpXy Cbpaeuy-
HO-CbJOBaTa U AMXaTenHa cMcTemMa U34ncimxme
,MNakeTorognHn" 3a BCAKa M3C/efBaHa rpyna.
HasHocTtTa npu nuuata ¢ XObb e cbc cpegHo net
roAvHN MoBevye OT Te3n 6e3 MpuApyrkaBallo
6enoapobHo 3abonsasaHe (20.57+£18.65 vs 15.72
+16.40,p=0.107).

XpOHMYHaTa XMMOKCUA M OKCUZATUBHUAT
CTpec B pe3ynTaT Ha AbJITOroAMLLHO TIOTIOHOMY-
LeHe BOAAT o eHAoTenHa ancdyHKuumaA. ToBa oT
CBOSA CTpaHa e npuunHaTa 1 3a paHHa 13ABa Ha
aTepockneposa npu naumeHtTn ¢ XObb. Mpoyu-
BaHe BbPXY MULLIV MOZENN, MOANOXKEHW Ha ineTa
CBICOKO CbbpXKaHMe Ha X0/1eCTepOsT Y XPOHNY-
Ha XMMOKCKsA, NMoKa3Ba Nno-6bp30 pa3BuTre Ha
aTepOCKNEePOTUYHN NNAaKN B CPaBHEHMWE C KOH-
TPOMHa rpyna c HopMasnHa okcureHauusa [27].

MpencbpOHOTO MbXeHe Cblo Ce sABABa
npepnocTaBka 3a eHAoTenHa AUCPyHKUmMA. EH-
OOTeNHUTE KNeTKM y4yacTBaT B KOHTpOJa Ha
npefacbpAHata MHOGUNTPaUUA OT MMYHHUTE
KNeTK/ 1 MoraT ja y4yacTBaT B MMOKapAHaTta ¢puro-
p0O3a, OKCUAATUBHMA CTPEC 1 Bb3naneHneTo [28].
Opyr PO, xapakTepeH kakto 3a OKC n XOBb, Taka
n 3a MM e 3axapHusT guabet. MscneneaHe no-
couBa 1.5 MbTU NO-BUCOK PUCK 3a NpeacbpaHa
apuTMUA Npu 60STHW Clef MUOKapAeH UHGAPKT
1 npuapyx<asaLy AnabeT. 3axapHuAaT grabet fo-
NpuHacA 3a No-manko ot 5% ot cnyyauTte Ha M,
a MHOAPKTBT — 3a 5% OT cyyanTe Npy MbXe U
camo 1% ot cnyyauTte npu xeHu [29]. B npoyuBa-
Heto NHANES (National Health and Nutrition
Examination Survey), yectotata Ha 3[] e 29.6%
npu nauymeHtn ¢ 6enoapobHo 3abonaBaHe B
cpaBHeHMe ¢ 15% npwu KoHTponuTe, p<0.005 [30].
Bucoka yectoTa Ha gnabet cpep 6onHuTe ¢ XOBb
ce ycTaHoBsBa 1 B bbnrapua OR 2.2 (95% Cl, 0.38
- 12.5) [31]. Hne Hamepuxme yecToTa Ha 3 npwu
55% (n=41) ot 6onHuTe c XOBbB, B cpaBHEHNE C
45% (n=30) B KOHTpoNHaTa rpyna, p=0.611.Te3un
pe3ynTaT ce NOTBbPXKAaBaT U OT NpPOoy4yBaHe,
nposeaeHo cpen 8167 6onHu ¢ OKC n npugpy-
»aBalLo ob6CTPyKTUBHO H6enoapobHo 3abonsBa-
He B bnuskua M3tok (48.2% vs 40%, p=0.001)
[32].

Mpe3 nocnegHUTe roguHNM OCBEH Fropeuns-
6poeHuTe ,Knacuueckn” prckosu GpakTopu 6sxa
yCTaHOBEHW 1 HOBW. TakMBa ca BUCOKOTO Tenec-
HO Terno nNpu Mmbe [33] 1 3aTNbCTABAHETO He3a-
Bucumo ot nona [34]. Mauymentnte ¢ XOBb ca no-
06€e31TETHN B CPaBHEHMWE C KOHTPOJIUTE CbC
CpefHN CTOMHOCTU Ha UHAEKCA Ha TeflecHa Maca
(UTM) (29.1 £7 kr/m” vs 27.5 +5 kr/m%, p=0.001)
[32]. B KaHagcko HauMOHANHO M3cnenBaHe Ha
3[paBeTo yectoTaTa Ha 3aTNbCTABAHETO Mpw
naumeHTn ¢ XOBb e 24.6% B cpaBHeHne ¢ 17.1%
npwv nauyueHTn 6e3 XOBb [35]. B HawweTo npoyy-
BaHe CpefHOTO TeNleCHO Terno e Nno-rofiAiMo B
rpyna A (86.66 £21.49 kr. vs 84.04 +18.09 kr.,

on the cardiovascular and respiratory systems,
we calculated "package years" for each study
group. The duration of life in individuals with
COPD is on average five years longer than those
without a concomitant lung disease (20.57+
18.65vs 15.72+16.40,p=0.107).

Chronic hypoxia and oxidative stress resul-
ting from long-term smoking lead to endothelial
dysfunction. As a result, individuals who have
COPD have an early development of athero-
sclerosis. A study on mouse models on a high-
cholesterol diet and chronic hypoxia showed
faster development of atherosclerotic plaques
compared to a control group with normal oxy-
genation [27].

Atrial fibrillation also leads to endothelial
dysfunction. Endothelial cells are involved in the
control of atrial infiltration by immune cells and
may be involved in myocardial fibrosis, oxidative
stress, and inflammation [28]. Diabetes mellitus
is another comorbidity that is shared by ACS,
COPD, and AF. A study indicates a 1.5 times hig-
her risk of atrial arrhythmia in patients with a his-
tory of myocardial infarction and concomitant
diabetes. Diabetes contributes to less than 5% of
cases of AF, and myocardial infarction to 5% of
casesin men and only 1% of cases in women [29].
In the NHANES (National Health and Nutrition
Examination Survey) study, the prevalence of
DM was 29.6% in patients with pulmonary disea-
se compared to 15% in controls, p<0.005 [30].
Bulgaria also has a significant rate of diabetes
among COPD patients (OR 2.2,95% Cl: 0.38-12.5)
[31]. We found a frequency of DM in 55% (n=41)
of patients with COPD, compared to 45% (n=30)
in the control group, p=0.611. These results are
also confirmed by a study conducted among
8,167 patients with ACS and comorbid obstruc-
tive pulmonary disease in the Middle East (48.2%
vs40%, p=0.001) [32].

In addition to the "classic" risk factors listed
above, new ones have been discovered in recent
years. Such are high body weightin men[33]and
obesity regardless of gender [34]. Patients with
COPD are more obese compared to controls with
mean body mass index (BMI) values (29.1 +7
kg/m?vs 27.5 +5 kg/m?, p=0.001) [32]. In a Cana-
dian national health survey, the prevalence of
obesity in COPD patients was 24.6% compared
to 17.1% in patients without COPD [35]. In our
study, the mean body weight was higher in
group A (86.66 +21.49 kg vs 84.04 £18.09 kg,
p=0.441). The frequency of obesity according to
BMIwas higherinindividuals with ACSand COPD
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p=0.441). YectoTaTa Ha 3aTnbCTABaHe Cropef
NTM e no-Bucoka npu nunuata ¢ OKC n XObb
(55.8%Vvs44.2%,NS).

3a BcAKO HapacTBaHe Ha TM c egHa eguHu-
Lla pUCKbT OT HOBOBb3HUKHano MM ce yeennya-
Ba ¢ 3-8%, He3aBNCMMO OT HaIMYMETO Ha ApYyrn
cbpaeyHo-cbaoBu PO. PUCKBT OT NpeacbpaHoO
MbXAeHe e yBenmyeH 1.75 nbTy npy MbXe C Had-
HOpMeHO Ternio 1 1.39 MbTW NPY XeHn C HaJHOopP-
meHo Terno (UTM - 25-30 kg/m?). 3atnbcTaBa-
HeTo (UWTM > 30 kg/mz) noBMLIaBa pucka CboT-
BeTHO 2.351 1.99 nbTn. [NpegnonaraemuTe mexa-
HU3MW Ca yBENMYEHUAT NpeacbpaeH pasmep,
HEeBPOXOPMOHA/IHOTO aKTMBMpPaHe, CbHHaTa an-
HedA N AnchyHKLMATa Ha BereTaTMBHaTa HepBHa
cnctema[36].

OueHkaTa Ha leBOKamepHaTta GpyHKLUA ypes
dpaKumnATa Ha N3TNIaCKBaHe e Klac ejHOo Nnpeno-
pbKa B HacOKUTe 3a AnarHo3a v neyeHne Ha OKC.
QOpakuraTa Ha U3TIackBaHe Ha NABa Kamepa
NPOrHo3npa BEPOATHOCTTa 38 CMbPT MO BCAKA
npuYrHa cnef NpexnBsaH MUoKapaeH MHOaPKT
[37]. Ta e eanH OT OCHOBHUTE MOKa3aTenu 3a
CbpAeyHa HegocTaTbyHOCT. [TpoyyuBaHe Ha Mac-
chia n cbaBT. HamupaT yectoTa Ha CH, oueHeHa
ype3JIKOV npn 17% ot naumeHtute c XOBb [38].

OT mMexayrpynoBua aHanuM3 ycTaHOBUXME
npeobnagasaHe Ha JIKDU Hap 50% n B pBete
rpynu (65.30% vs 60.30%, p=NS). Andell n cbTp.
CbLLIO HAaMMPAT MNO-BUCOK AN Ha 6ONTHUTE CbC 3a-
naseHa ¢pakuma Ha n3tnackeaHe. MNpu 6onHute
c OKC n XObb pa3npegeneHneto cnopeg JIKOU
MokKasBa, ye 45% ca c JIKON>50%, 24.3% ca ¢
JNIKOU mex gy 40-49% 1 28% ca c IKOW nop 40%.
B KOHTpoOnHaTta rpyna npoueHTHOTO CbOTHOLLe-
Hue e cboTBeTHO (53.8%, 22.9% un 21.5%) [39].
Bbnpeku ye ca HabnogaBaHy CXOAHU CTOMHOCTU
Ha JIKOW npu naumeHTn c XOBb B cpaBHeHMe C
Te3n 6e3 benoapobHo 3abonaBaHe (34% vs
35.4%, p>0.05), pucKbT OT BHe3aMnHa CbpAeyHa
CMBbPT € 3HaunNTeNnHO NO-BMCOKa B rpynarta C
XOBBHR 1.26 (95% Cl: 1.03-1.53, p=0.025) [40].

3acTorHaTa CbpAeyHa HeJoOCTaTbUHOCT € U
Hal-MOLLHNAT PUCKOB GaKTOP 3a Bb3HUKBAHE Ha
npeacbpAHO MbXKAeHe — TA yBennyaea pucka 4.5
NbTU NpY MbXeTe 1 5.9 NbTn Npu xeHute [22].
[laHHUTe couaT ye OKOJO NOJNIOBKHATA OT OONHN-
Te cbc CH morart ga peanusupart M, kato npeo6-
NafaBaHeTO Ha apUTMUATA HapacTBa C BNOLLaBa-
He Ha GYHKLMOHanHWA Knac no knacudurkaumata
HaNYHA[41].[IBeTe CbCTOAHMA Ca B3aUMHO Npo-
BOKMpaALLM Ce 1 B3aUMHO NnoTeHumpalyy ce [42].
MNpocnepasanku Hawata nonynawumaA 3a egHa ro-
[VHa YCTaHOBUXME, Ye fieNbT Ha 6onHuTe ¢ ppak-
umMA Ha nstnackeaHe nog 40% e no-ronam 1 3a
asete rpynu (15.09% vs 12%, p=0.649). ToBa Ko-
penvpawu c pesynTtaTuTe 3a HoBonoAswso ce NM.

Mpw naumenTnTe ¢ OKC n XOBb 6e HanpaBse-
HO GYHKLMOHANHO 13csiefBaHe Ha AULWAHETO Mo

(55.8%Vvs44.2%, NS).

Regardless of the existence of other cardio-
vascular RFs, the chance of developing new-
onset AF rises by 3-8% for every unit increase in
BMI. The risk of atrial fibrillation is increased 1.75
times in men with overweight and 1.39 times in
women with overweight (BMI 25-30 kg/m?).
Obesity (BMI > 30 kg/m?) increases the risk by
2.35 and 1.99 times, respectively. The proposed
mechanisms are increased atrial size, neurohor-
monal activation, sleep apnea, and autonomic
nervous system dysfunction [36].

The assessment of left ventricular function by
ejection fraction is a class one recommendation
in the guidelines for the diagnosis and treatment
of ACS. Left ventricular ejection fraction predicts
the likelihood of death from any cause after a
myocardial infarction [37]. It is one of the main
indicators of heart failure. A study by Macchia et
al.found an estimated frequency of HF by LVEF in
17% of patients with COPD [38].

We found that the proportion of LVEF was
greater than 50% in both groups (65.30% vs
60.30%, p=NS) in the intergroup analysis. Andell
et al. also found a higher proportion of patients
with preserved ejection fraction. In patients with
ACS and COPD, the distribution according to
LVEF shows that 45% have LVEF >50%, 24.3%
have LVEF between 40-49%, and 28% have LVEF
<40%. In the control group, the percentage rati-
os were (53.8%, 22.9%, and 21.5%), respectively
[39]. Although similar LVEF values were observed
in patients with COPD compared to those with-
out lung disease (34% vs 35.4%, p>0.05), the risk
of sudden cardiac death was significantly higher
in the COPD group (HR 1.26, 95% Cl: 1.03-1.53,
p=0.025) [40].

The most significant risk factor for atrial fib-
rillation development is congestive heart failure,
which raises the risk 4.5 times for men and 5.9
times for women [22]. Research indicates that
approximately 50% of HF patients may develop
AF, and the frequency of arrhythmia rises as the
functional class, as defined by the NYHA classi-
fication [41]. The two states are both potentia-
ting and provocating one another [42]. Follo-
wing our population for one year, we found that
the proportion of patients with an ejection frac-
tion of less than 40% was higher in both groups
(15.09% vs 12%, p=0.649). This correlates with
theresults foranewly emerged AF.

Patients with ACS and COPD underwent a
standardized respiratory function test. All indivi-



CTaHZapTM3upaH NpPoToKos. Bcnukm nuua otro-
BapAT Ha KpuTepunTe 3a prKcmpaHa o6CTpyK-
ums. CpegHaTa ctonHocT Ha ®EO1 cnepn 6poH-
xoaunatauma e 52.52 +15.78% ot npeas. Pe3yn-
TaTWTe MNOTBbPXKAABAT M APYro NpoyyBaHe, Npo-
BeAEHO B CTpaHaTa CbC CpefeH pe3ynTaT 3a
OEO152.1 £19.7 % [43]. MeKOB 1 CbTp. HammpaT
nofgo6Hu ctonHoct Ha ®EO1 55,8% (SD: 18.3%),
n3cnensalikv 6onHu ¢ XObb v n3asa Ha MM [44].

Mpy BCUUKM GONMHU 6e aHanM3MpaHa enek-
TpoKapauorpamaTta npu npMemaHe 1 B AuHamum-
Ka B xofda Ha npocnepasaHeTto. CpefHaTta Cbp-
[leyHa yecToTa B MOKOW Mpu nuuata ot rpyna A
6ewwe 78.9/min (£10.1/min), a 3a rpyna b - 75.6
/min (£12.3/min), p<0.001. Warnier u cbTp. CbLyo
Hammpat no-Bucoka cpegHa CY s rpynata ¢ XObb
B CpaBHeHMe C KoHTponu (72/min vs 65/min)
[15]. Opyro obcepBaLlOHHO NpoyYBaHe 3a n3f-
Ba Ha PUTBMHO HapyLleHne Npu nuua c ambyna-
TOpHO ycTaHoBeHa XOBB, yctaHoBsABa cpegHa CY
B nokon ot 80.7/min (x£13.1/min) [44]. MNepma-
HEHTHO MpPeACbpAHO MbXAEHE ce perncrtpupa
npwu 8% ot nuuata ¢ XObb. ToBa ce gobnmxaea 1o
pe3ynTat OT APYro npoyysaHe, NPOBeAeHO B
cTpaHaTa clIMB7.3% ot cnyyaunTe [44].

Bcrukn Halwm naymeHTy 6sXa npocnefeHn 3a
M3fiBa Ha PUTbMHO-MPOBOAHN HapyLleHUA Ha
BCAKa BM3MTa. MaKap 1 CTaTUCTUYECKN He3Hauu-
Mo MM ce NposiBU B NO-rosiIM NPOLEHT Npu 6011-
Hute ¢ OKC n XObb, cboTBeTHO 3a LWecTu Mmecely,
(16.13% vs 12.73%, p=NS). lo kpasa Ha npoyu4Ba-
HeTOo perncTprpaxme obLo 32 CMbPTHY Clyyas,
KaTo 25.3% OT TAX Ca perncrpupaHn npu nauu-
eHTuTe ¢ 6enoapobHa obcTpyKumA. ToBa 006siC-
HABA 1 NO-HUCKMA NPOLEHT Ha naumeHTn ¢ [TM B
KpasaHa 12-ameceu.

MeTaaHanuns Ha 21 npoyyBaHUA OTKpMBa CUT-
HUQVKAHTHO MOBKLLIEH PUCK OT M3sABa Ha [IM B
abarocpoyeH nnaH npu nauneHTn ¢ XOBB B cpa-
BHEHMe CbC 3apaBaTta nonynauma RR 1.99 (95%
Cl: 1.46-2.70) [45]. Andell n cbTp., n3cnepsar 81
191 6051HM CNef NPeXNBsH MUOKAaPAEH MHbapPKT
Mo Bpeme Ha UHAEKCHOTO cbbuTure. Te ycTaHOBA-
BaT CUHYCOB puUTbM Mnpu 81.4% oT 6onHuTe C
XOBb B cpaBHeHue ¢ 86.7% OT KOHTpoOnuTe,
p<0.001. MNpwn npocnegsasaHeTo UM Npn 5.2% ot
nauneHTuTe ¢ 6enogpobHa 06CTpyKLUUs ce pe-
rmcTpmpa Hosonosasuno ce NM, B cpaBHeHMe ¢
4.6%, p<0.001 [39]. Opyra cTyana ycTaHOBABa
puck ot n3aea Ha MM npu 6onHn ¢ OKC n XOBb Ha
RR1.14(95% C10.97-1.34,p<0.001). YecToTata Ha
HoBonosswuo ce MM B Tasn rpyna e 24.3% B cpa-
BHeHue ¢ 18.2% [46]. Goedemans 1 CbTp. Npo-
cnensaBarT 3a wWecT mecela obuwo 320 naumeHTa
cbc STEMI 3a n3aea Ha lNM. bonHuTe ca pa3gene-
HW Ha 1BE rpynu, B 3aBUCMMOCT OT HAJIMYMETO Ha
6enogpobHa o6cTpyKUUA. Pesyntatnte nokas-
BaT, Ye NoyTK Tpu 4eTBbPTU OT nruaTta ¢ XObb
pa3BuBaT HAKaKBa NpeacbpAHa apuTMua, cpa-

duals meet the criteria for fixed obstruction. The
mean FEV1 after bronchodilation was 52.52
+15.78% of the predicted value. The results
confirm another study conducted in the country
with a mean FE1 score of 52.1 +19.7% [43]. Me-
kov et al. found similar values of FEV1 55.8% (SD:
18.3%) when examining patients with COPD and
AF [44].

Every patient's ECG was examined both when
they were admitted and during follow-up. The
mean resting heart rate for Group A was 78.9/
min (£10.1/min), and for Group B, it was 75.6/min
(£12.3/min), p<0.001. Warnier et al. also found a
higher mean FEV1/FVC in the COPD group
compared to controls (72/min vs 65/min) [15].
The average resting heart rate in people with
ambulatory COPD was 80.7/min (+13.1/min),
according to another observational investigati-
on onrhythm abnormalities [44]. Persistent atrial
fibrillation is registered in 8% of individuals with
COPD.Thisis close to the results of another study
conducted in the country, with AF in 7.3% of
cases[44].

Ateach visit, the presence of rhythm-conduc-
tion abnormalities was verified in all of our
patients. Although statistically insignificant, AF
was more prevalent in patients with ACS and
COPD, respectively, for the sixth month (16.13%
vs 12.73%, p=NS). We documented 32 deaths by
the end of the research, and patients with
pulmonary obstruction accounted for 25.3% of
those deaths. Additionally, this accounts for the
decreased proportion of patients having AF at
the conclusion of the 12th month.

A meta-analysis of 21 studies found a signi-
ficantly increased risk of developing AF in the
long term in COPD patients compared to the
healthy population, with an RR of 1.99 (95% Cl:
1.46-2.70) [45]. Andell et al. studied 81,191 pati-
ents after a myocardial infarction during the in-
dex event.They found a sinus rhythmin 81.4% of
COPD patients compared to 86.7% of controls,
<0.001. Follow-up revealed that 5.2% of pati-
ents with pulmonary obstruction had newly
developed PM, compared to 4.6%, p<0.001 [39].
Another study found a risk of AF in patients with
ACS and COPD at a RR of 1.14 (95% C1 0.97-1.34,
p<0.001). The incidence of newly diagnosed AF
in this group is 24.3% compared to 18.2% [46].
Goedemans et al. followed a total of 320 STEMI
patients for six months to observe the occurren-
ce of AF. The patients are divided into two gro-
ups, depending on the presence of pulmonary
obstruction. The results show that almost three-
quarters of the COPD patients developed some
type of atrial arrhythmia, compared to only half
of the control group. The author team found that
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BHEHVe CaMO C NOJIOBMHATa OT KOHTPOHaTa rpy-
na. ABTOPCKUAT KOJNIEKTUB OTKPUBA, Ye NPOMEH-
nuenKato 3[1, AXuknacno Killip, He ca cBbp3aHu
C KpalHua pesynTat. ToBa npespbLya XOBb B cn-
NneH 1 He3aBMcMM GaKTop 3a nosABa Ha npej-
CbpOHW apUTMUN B PaMKWUTE Ha efHa rogmHa
cnep oCTbp KopoHapeH nHumaeHT [47]. Chen u
CbTP. yCTaHOBSABA, Ye HanMuyreTo Ha 6enogpobHa
06CTpyKLUMA yaBoABa pucKa 3a n3sasa Ha [TM (OR
1.94,95% Cl 1.55-2.43;p<0.0001) [48]. B HaweTO
n3cnefBaHe OTKpUXmMe ABYKPaTHO NOBULLEH AAN
Ha 6o51HUTE ¢ MMM oLLle Ha WecTrA Mecel, crief Ko-
poHapHUA nHunaeHT (8% vs 16.13%, p=0.1417).
MNo-BMcoKaTa YecToTa Ha HOBOMNOABMNA Ce Npes-
CbpAHa apUTMIA NO BPEME UM CKOPO e npe-
»nBaH OKC e cBbp3aHO KaKTO € MoBeye YCnoxK-
HeHMA (NOBTOpeH UHPaApPKT Ha Mmokapaa, CH,
KapOnOoreHeH LWOK), Taka 1 € No-BMcokKa 30-aHeB-
Ha cMbpTHOCT [12]. N3cnepgBaHe Ha 3220 nayu-
€HTa C OCTbP MUOKapAeH MHPAPKT, NoKa3Ba Mno-
ronAma CMbPTHOCT B rpynaTta ¢ n3saea Ha [IM B
cpaBHeHue ¢ KoHTponu (HR 2,58, 95% Cl 2,21 -
3,00;p<0,001)[11].

3aknioueHune

MNaunenTtute ¢ OKC 1 XOBB ca BMCOKOpUCKO-
Ba rpyna, KoAaTo 1ma no-B1mcokKa yectota Ha [1IM B
paMKuTe Ha efiHa FOAMHa Cnep oCcTpUA KOPOHa-
PEH VMHLUMAEHT CPAaBHEHO C KOHTPOJHA rpyna ¢
nofo6bHa xapakTepuncTuka, Ho 6e3 Npuapy<asa-
wa 6enogpobHa o6cTpyKuma. Mo-BrcokaTa
CMBPTHOCT B rpynata ¢ XObb Hanara BHMmaTen-
HO KJIMHMYHO MpocfiefsaBaHe Y MOHUTOPUHT B
ObArOCPOYEH MNaH.

KHuuronuc:
References:

variables such as DM, AH, and Killip class were
not associated with the outcome. This indicates
that within a year following an acute cardiac
event, COPDisasignificantand independentrisk
factor for atrial arrhythmias [47]. Chen et al.
found that the presence of pulmonary obstruc-
tion doubles the risk of developing AF (OR 1.94,
95% Cl 1.55 — 2.43; p<0.0001) [48]. In our study,
we found a twofold increase in the proportion of
patients with AF six months after the coronary
incident (8% vs 16.13%, p=0.1417). More con-
sequences (recurrent myocardial infarction, he-
art failure, and cardiogenic shock) and a higher
30-day mortality rate are linked to a higher pre-
valence of newly developing atrial arrhythmia
during or soon after acute coronary syndrome
[12]. A study of 3,220 patients with acute myo-
cardial infarction showed a higher mortality rate
in the group with AF compared to controls (HR
2.58,95%Cl2.21-3.00; p <0.001) [11].

Conclusion

Patients with ACS and COPD are a high-risk
group that has a higher frequency of AF within
one year after an acute coronary incident com-
pared to a control group with similar characte-
ristics but without accompanying pulmonary
obstruction. The higher mortality rate in the
COPD group necessitates careful clinical follow-
up andlong-term monitoring.
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HOBW Bb3MOMHOCTH 3A IEYEHWNE HA
KRAS — MYTWPAJT HELIPEBHOKJIET bYEH
bEJIOZIPOBERH KAPLIIHOM

E. Aumutposa - locnognHoBa

KnuHuka no megnumHcka oHkonorusa, YMBAJT,Cs. MapuHa” - BapHa
Kategpa no OHkonorua, MegnunHCKn yH1BepcuTeT — BapHa

Pesiome

KapumHoMbT Ha 6enuvsa gpob e Bogela NprymnHa 3a CMbPT OT 3/1I0KaueCTBEHM 3a00/1ABaHMA B
CBETOBEH Mallab. TepaneBTUYHMTE CTPATErMM, HACOUEHN KbM KOHTPOJ Ha 3aboNnABaHETO NpeTbpraxa
3HAUYMTENHU NPOMEHMK npe3 nocnefHoTo fAecetunetre. OT epaTta Ha CTaHZapTHaTa XUMMUOTEpanus,
NleYeHNEeTO eBOJIOMPA OO eTan Ha NnepcoHanvM3npaHa meauumMHa, 6asnpaHa Ha 3aAbnboYeHO
MOSEKYNAPHO npodunnpaHe Ha Tymopa. To3n HanpeabK e pesynTaT OT OTKPMBAHETO Ha MHOXXECTBO
oHKkoreHHn myTauum B EGFR, ALK, ROS1, BRAF, MET, RET, HER2 n KRAS, 3a kouTo Beue cblyecTByBaT
BMCOKOEPEKTUBHY TapreTHU Tepanuu. MyTtauumute B oHkoreHa KRAS npepactaBnABaTt egHM OT Haii-
yecTuTe N HaW-TPYAHW 3a TapreTvpaHe reHeTUYHY NMPOMEHM NPU HeJPEOHOKETbUYHNA PaK Ha benus
apo6 (HOPBL), 3acarawm npubnmsntenHo 25 - 30% ot nauneHtute. bnro sBpeme KRAS — mytupanuat
HOPB, e acounmnpaH c 0cobeHo NoLla MPOrHo3a Nopaamv nurncaTta Ha epeKTUBHU TAPreTHU MeAUKAMEHTY
W OrpaHMyeHn TepaneBTUYHU OMUMWM A0 KOHBEHLUMOHaNHa Xumuotepanusa u mmyHoTepanus. MNpes
nocneaHNTe roAvHY HaNnpegbKbT B MOJSIEKYNIsAPHaTa OHKOJIOTMA JoBefe A0 pa3paboTBaHETO Ha HOBY
TepaneBTUYHY CTPATErm, KOUTO MPOMEHAT cTpaTernnTe B neyeHmeTto Ha KRAS — mytupan HOPB/. Te3u
MHoBauun GenexaTt HayanoTo Ha NepcoHanu3upaH nogxod npu nauueHTtnte ¢ KRAS — mytnpan HOPB[,
NMOCTUIaKmN 3HAUYUTENTHO NO0OPEHNE B MPEXKMBAEMOCTTA M KAUECTBOTO Ha KMBOT.

KnouoBu gymu: 6enogpobenH kapumHom, HOPB, KRAS G12C, TapreTHa Tepanus, CEKBEHUpPaHe OT
CnenBaLlo NOKoJIeHne, Te4Ha buoncusa



NEW TREATMENT OPPORTUNITIES
OF KRAS — MUTATED NON-SMALL
CELL LUNG CANCER

E. Dimitrova - Gospodinova

Clinic of Medical Oncology, "Sv. Marina" University Hospital — Varna
Department of Oncology, Medical University — Varna

Abstract

Pulmonary carcinoma remains a global cause of cancer - related mortality. Over the past
decade, therapeutic strategies aimed at disease control have undergone significant advancements.
Treatment has evolved from an era dominated by conventional chemotherapy to one of personalized
medicine, largely driven by comprehensive molecular profiling of tumors. This progress stems from the
identification of numerous oncogenic mutationsin genes such as EGFR, ALK, ROS1, BRAF, MET, RET, HER2,
and KRAS, for which highly effective targeted therapies are now available. KRAS gene mutations are
among the most frequent and challenging genetic alterations to target in non - small cell lung cancer
(NSCLC), affecting approximately 25-30% of patients. For a considerable period, KRAS — mutated NSCLC
was associated with a particularly poor prognosis due to the lack of effective targeted agents and limited
therapeutic options, often confined to conventional chemotherapy and immunotherapy. However,
recent breakthroughsin molecularoncology have led to the development of novel therapeutic strategies
that are transforming the treatment landscape for KRAS-mutated NSCLC. These innovations herald the
advent of a personalized approach for patients with KRAS-mutated NSCLC, leading to significant
improvementsin survival and quality of life.

Keywords: pulmonary carcinoma, NSCLC, KRAS G12C, targeted therapy, next-generation sequencing,
liquid biopsy
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BbBeageHne

BenoapobHMAT KAPLUHOM € efiH OT TEXKUTE
MeAUKO — couranHy nNpobnemn Ha CbBpemeH-
HOTO OOLLECTBO, KAaKTO 1 €AHO OT CEepPUO3HUTE
npegu3BuKaTencTea B oHkonorumaTta. 3a 2022
roguHa 6poAT Ha HoBo3abonennTe e okono 2 200
000, a 6posT Ha NounHanuTe — Hag 1 900 000. B
cBeToBeH Mallab ToBa e NpPnbNN3MTENHO PaBHO
Ha 06LLMA KyMynaT1BeH 6poii CMbPTHU ClyYan B
pe3ynTaT Ha paK Ha NpocTaTaTa, rbpaaTta 1 febe-
noto yepso [1]. Camo npu 15% OT nauneHTUTE
3ab0nsBaHeTO Ce yCTaHOBsBA B paHeH CTafni, 3a
KOMWTO 5 — roguiiHa npexmnsaemocT e Hag 50%. B
MoBeYeTo Cyiyyaun 6efoapOOHMAT KapLMHOM ce
AMarHocTmumpa B JIOKANHO aBaHCMpan unu
MeTacTaThyeH CTaguin U MMa OYakBaHa 5-ro-
OVLIHa NpeXnBaemMocT okono 5%. Han-uectuar
XWCTONOTMYEH MOATUM € afeHOKapLUHOMbBT,
KOWTO 3acAra okono 38 — 40% oT BCUYKK ciyydan
Ha HOPB[, n ce xapaktepu3unpa C Hanuume Ha
MHOXeCTBO MyTauuu. HanpegbKbsT B pa3bupa-
HUATa 3a TYMOpHaTa 6Monorusa Hamnpasu Bb3-
MOXXHO He CaMO TAXHOTO UAEHTUOULMPAHE, HO U
M3MON3BaHETO MM KaTo TapreTu 3a CbBPEMEHHO
neyeHune c uen nogobpsaBaHe Ha TepaneBTUY-
HWTe pe3ynTaTi 1 NPOrHo3aTa Ha 3abonABaHeTo
[2].

Martepuan u metogu

MNepcoHann3upaHMAT noaxon B NEeYEHNETO
Ha 6enoapobHMA ageHoKapLMHOM 3amnoyBa C OT-
KpVBaHeTO Ha MyTaLUM B peLenTopa Ha enuaep-
MasnHusA pactexxeH ¢aktop — EGFR (geneunn Ha
€K30H 19, MyTaLum 3a cy6cTUTYLMA B eK30H 21,
S768l, L861Q, G719 X - myTaumm) npe3 2003
roavHa u opobpeHVeTo Ha MbpBaTa TapreTHa
Tepanua 3a nevyeHne Ha metactatmyeH HAPB[ ¢
EGFR M+ B nuueto Ha Erlotinib (Tarceva®).
Brnocnencrtaue B KNMHUYHaTaA NPaKTMKa Ca BbBe-
OEHV W OPYr TUPO3UH-KUHA3HW MHXMOUTOPHU
kaTto Afatinib (Giotrif®) u Gefitinib (Iressa®). OT1-
KprBaHeTo Ha myTaumata T790M B EGFR npe3
2015 rognHa n BbBeXJaHETO Ha TapreTHa Tepa-
nmA 3a neYyeHre Ha NayMeHT! C HOCUTENCTBOTO 1
B niyeTo Ha Osimertinib (Tagrisso®) nogo6pnaga
3HauMTENHO TepaneBTUYHUTE pe3ynTaTu. Pa3su-
TUETO HA TAPreTHOTO JieueHne Ha 6enogpobHuA
KapLMHOM Npogb/iKaBa U 4o AHeC C BbBeXAa-
HeTo B ynoTpeba Ha BCe NoBeYe HOBY MOJIEKYSIN
- Dacomitinib (Vizimpro®), Rybrevant (Amivan-
tamab®)ngp.[2,3,4].

Mpe3 2011r. B npakT1KaTa HaBAM3aT NpuLlen-
HU Tepanuu 3a fieyeHrie Ha TYMOPU C Bapuauum n
B ALK (Anaplastic lymphoma Kinase), Hanpumep
EMLA4 - ALK - TpaHcnokauumsa. lNocnegoBaTenHo
3anousa BbBeX/aHeTo B ynoTtpeba Ha Brigatinib
(Alunbrig®), Lorlatinib (Lorviqua®), Crizotinib
(Xalcori®), Alectinib (Alecensa®), Ceritinib (Zyca-
dia®) n gp. [4,5]. TepaneBTUYHUTE ycnexu B

Introduction

Lung cancer represents a major public health
challenge and a significant hurdle in oncology
for contemporary society. In 2022, the global
incidence of new cases approximated 2,200,000,
with over 1,900,000 deaths reported. Worldwide,
this figure is roughly equivalent to the combined
cumulative number of fatalities resulting from
prostate, breast, and colorectal cancers [1]. Only
15% of patients are diagnosed at an early stage,
for whom the five-year survival rate exceeds
50%. In the majority of instances, lung carcinoma
is diagnosed at a locally advanced or metastatic
stage, with an anticipated five-year survival rate
of approximately 5%. The most prevalent histo-
logical subtype is adenocarcinoma, accounting
for around 38-40% of all NSCLC cases, and is
characterized by the presence of multiple muta-
tions. Advances in the understanding of tumor
biology have not only enabled their identifi-
cation but also their utilization as targets for
modern treatment, with the aim of improving
therapeuticoutcomes and disease prognosis [2].

Materials and methods

The personalized approach to treating lung
adenocarcinoma originated with the discovery
of mutations in the epidermal growth factor
receptor (EGFR) — specifically exon 19 deletions,
exon 21 substitution mutations (5768l, L861Q,
G719X) — in 2003. This led to the subsequent
approval of the first targeted therapy for meta-
static EGFR M+ NSCLGC, Erlotinib (Tarceva®). Sub-
sequently, other tyrosine kinase inhibitors such
as Afatinib (Giotrif®) and Gefitinib (Iressa®) were
introduced into clinical practice. The identifica-
tion of the T790M mutation in EGFR in 2015 and
the introduction of targeted therapy for patients
carrying this mutation, Osimertinib (Tagrisso®),
significantly improved therapeutic outcomes.
The development of targeted treatments for
lung carcinoma continues to this day, with the
ongoing introduction of an increasing number
of novel molecules, including Dacomitinib (Vi-
zimpro®), Rybrevant (Amivantamab®) and others
[2,34].

Since 2011, targeted therapies for tumors with
ALK (Anaplastic Lymphoma Kinase) variations,
such as the EMLA4-ALK translocation, have been
integrated into clinical practice. This was followed
by the progressive introduction of agents inclu-
ding Brigatinib (Alunbrig®), Lorlatinib (Lorviqua®),
Crizotinib (Xalcori®), Alectinib (Alecensa®), and Ce-
ritinib (Zycadia®) [4,5]. Significant therapeutic



neveHveTo Ha HOPB/l B nocneaHuTe roguHu ca
CBbBP3aHU 1 C OTKPVBAHETO 1 BaJIMANPAHETO Ha
ole MHoro buomapkepm kato ROS1, BRAF V600,
NTRK, RET, MET, HER2, KRAS G12C v gpyru, Kakto
M C HaBNM3aHETO Ha MMYHOTepanuATa, KOeTo
NpaBy Bb3MOXEH WHAMBULAYaNU3MpaH Moaxon
KbM 3a00/15IBaHETO N Bb3MOXXHOCT 3a NEPCOHa-
nn3npaHe Ha nevyeHneTo [6].

successes in the manage-ment of non-small cell
lung cancer (NSCLC) in recent years are further lin-
ked to the identification and validation of a broa-
derrange of biomarkers, such as ROS1, BRAF V600,
NTRK, RET, MET, HER2, and KRAS G12C. Concur-
rently, the emergence of immunotherapy has be-
en instrumental in allowing for a more individuali-
zed approach to the disease and the personaliza-
tion of treatment strategies [6].
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Figure 1. Contemporary biomarkers
used in the molecular diagnostics
of NSCLC.
oot High-tevel MET | Source: Hess L.M. et al [6].

” Actionable immuno-oncology
\\ biomarkers

amplification |/

Emerging biomarkers
4

KRAS (Kirsten rat sarcoma virus) e eauH ot
Hall-gobpe No3HaTUTE OHKOreHU C BMCOKa Yec-
TOTa Ha MyTauun. Ham-ronam npoueHT Ha KRAS -
MyTaUUM ca YCTAaHOBEHM MpPWU KapuuHOMa Ha
naHkpeac (88%), konopeKkTtanHua KapumHom (45
- 50%) n HOPBL (30 - 35%). MNpwn Hennockokne-
TbuHmA HOPBA npomeHuTte B KRAS n EGFR npeg-
CTaBnABaT OKONIO 75% OT BCUYKM ApaniBepHU
myTauuu. B EBpona n CALL KRAS — myTaummTe ca
C yectoTa okono 30%, a B A3us — camo 5-12%
[7.8].

AMEPMKA W EBPOMNA
(N=933)

s 3%

Our. 2. Teorpadicko pa3npocTpaHeHue 1 pasnpeeneHue Ha Hail-
yectuTe Apaiisepu myTauun npu HIPBJ. U306paxeHueto e
npesefeHo 1 agantipaHo ot Kiat Hong Lim et al. (untoctpauua
(CBY-SA4.0).

NNATUHCKA AMEPUKA
PIK3CA (N=5738)

KRAS (Kirsten rat sarcoma virus) is one of the
most well — known oncogenes with a high fre-
guency of mutations. The highest percentage of
KRAS mutations are found in pancreatic carcino-
ma (88%), colorectal carcinoma (45-50%), and
NSCLC (30-35%). In non - squamous NSCLC, de-
fects in KRAS and EGFR account for approxi-
mately 75% of all driver mutations. In Europe and
the USA, KRAS mutations have a frequency of
around 30%, whilein Asia, itisonly 5-12%7[7,8].

A3MA
FGFR
(N=968) 1%

MET

1%

Figure 2. Distribution and prevalence of the most common driver
mutations in NSCLCin the USA, Europe (1), Latin America (2)

and Asia (3). Source: Kiat Hong Lim et al. (illustration CC BY-SA 4.0).

reviews

NEW TREATMENT OPPORTUNITIES
OF KRAS — MUTATED NON-SMALL
CELL LUNG CANCER

Thoracic Medicine
Volume XIV, Issue 2
July 2025




0630pwu

HOBW Bb3MOXHOCTH

3ATIEYEHWE HA KRAS
— MYTUPAJI HEIPEBHOK/IET BYEH
bENIOAIPOBEH KAPLIIHOM

TopakanHa MeguuuHa
Tom X1V, 6p.2
tonn 2025

KRAS reHbT e uneH Ha cemeincteo RAS, 3aepn-
HO ¢ NRAS n HRAS reHunTe,  nprTexaBa reHeTUNY-
Ha XeTeporeHHOCT. Hamupa ce B KbCOTO pamo Ha
Xpomo3omMa 12 1 Kogmpa fBe NpoTeNHOBU N30-
dopmun — KRAS - 4B 1 KRAS - 4A. Te npeacras-
nAagat e manku GTPa3un, KouTo ce pasnonarat no
BbTPELIHATa NOBbPXHOCT HA KNETbYHNUTE MeMO-
PaHU 1 UrPaAT PonATa Ha CBbP3BALLO 3BEHO Ha
pa3nnyHM CUrHanHKM nbtTuwa. Morat ga 6baat
aKTUBMPAHW OT Pa3fIMYHN pacTexHU pakTopu,
XEeMOKUHW, Kanuuesm NOHW UNn peLenTopHa
TUPO3MH — KnHa3a. KRAS e KnoyoB KOMMOHEHT
Ha pefuvua CUrHaaHM NbTULA, CBbP3aHM C NPo-
LecnTe Ha KneTbyHa nponudepaums, ouenasa-
He 1 andepeHumnauyma (kato MAPK/ERK un PI3K/
AKT) [9].

Ca2+.
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KRAS

The KRAS geneis a member of the RAS family,
along with the NRAS and HRAS genes, and exhi-
bits genetic heterogeneity. It's located on the
short arm of chromosome 12 and encodes two
protein isoforms: KRAS-4B and KRAS-4A. These
are small GTPases located on the inner surface of
cell membranes and act as a linking element for
various signaling pathways. They can be activa-
ted by various growth factors, chemokines, cal-
cium ions, or receptor tyrosine kinases. KRAS is a
key component of several signaling pathways
involved in cell proliferation, survival, and diffe-
rentiation processes (such as MAPK/ERK and
PI3K/AKT) [9].
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Figure 3. Signal transduction in NSCLC. Source: Huang Lamei et al.; 2022 (illustration CC BY-SA 4.0) [21].



MyTaunn Ha RAS ce cpeluaT Ha-Beye B KOLO-
HU 121 13 1 ca cybCTUTYLUK, KOETO BOAM 10 NOS-
Ba Ha pa3fINYyHM Bapraunm B 3aBUCUMOCT OT aMU-
HOKNCENNHHOTO 3amecTBaHe. C Hal-ronsiMa yec-
ToTaca:

- KRAS G12C (39%), npu koaTo rmuumH (Gly) e
3amMeHeH cuncteuH (Cys);

- KRAS G12V (21%), npu koaTo rmuuuH (Gly) e
3ameHeH cBanuH (Val);

- KRAS G12D (19%), npwv kosiTo rnuuH (Gly) e
3aMeHeH cacnapruHosa kucenuHa (Asp);

- KRASG13C (kopoH 13);

-KRASQ61H (kogoH 61) n gpyrn [10,11,12].

B cBetoBeH mauwabd KRAS G12C e Hali-uecto
CPeLLAHUAT BapUaHT — e4MH OT OCEM NaLUMEHTN C
HennockokneTbueH HAPB/ e HocuTen Ha MyTa-
umATa. B noBeyeTo ciyyam ToBa ca MbXe Ha Bb3-
pacTt Hag 60 roanHW, KOUTO Ca HaCTOALLM MyLla-
yn, KaTo B 0KONO 41% OT cyyanTe MyTaumsaTa ce
OTKpUBa 1 NPV NauueHTn, NpeyCcTaHOBMN TiO-
TIOHOMYLLUEHETOo ejHa UM NOoBeYe roAnHV Npean
TectBaHeTo [13]. HocutenctBoTo Ha KRAS G12C
ce cBbp3a 1 ¢ no-nowa nporHosa. KRAS - myTa-
UumuTe ce OTKPUBAT Ha-4eCTo NPU MyLMUHO3€eH
afleHOKAPLMHOM, V3K/IOUMTENTHO PAAKO Morat
[la ce yCTaHOBAT 1 NPU MIIOCKOKNETbYEH XUCTO-
NIOrMYeH MnoABwua, HO HUKOra npu ApebHoKIe-
TbueH. KRAS G12C noutu He ce cpelya efHOBpe-
MEHHO C Apyru apansepHu myTtaumm Kato EGFR,
ALK, ROS1, BRAF, HO yecTo ce ycTaHOBABAT KO-
myTauum B STK11, KEAP1, TP53 [14,15]. Mo-
BMCOKa € YyecToTaTa Ha MyTaumaTa Npuv naynueHTn
¢ Bucok TMB (Tumor Mutation Burden, TymopeH
MyTauuoHeH Toap) 1 PD - L1 TPS (Total Propor-
tional Score) [16].

AKTyanHuTe MexayHapoaH/Te PbKOBOACTBA
3a fleyeHune Ha 6enoapobeH KapLuMHOM Mpeno-
pbuBaT usnonssaHeto Ha NGS npu naumMeHTn ¢
HAOPB 3a unpaeHTMdmumpaHe Ha MyTauuu, 3a
KOWTO Ca HanuyHu TapreTHu Tepanuun. Cnopep
NCCN, ESMO v PAGA KRAS G12C cnepBa ga 6bae
n3criefBaH Npu OTroBapALWM Ha KpUTepumnTe na-
umeHTn ¢ aBaHcupan HAOPBA [17]. Metogute Ha
TectBaHe 3a KRAS G12C BknwouBaT 13Mos3Ba-
HeTO Ha TeyHa Ouoncua WAK TbKaHHa npoba.
Ypes TeyHaTa 6roncusa ce yCTaHOBABA Hanunuune
Ha ceobopHa TymopHa [OHK (cfDNA), kosiTo ga ce
CceKBeHMpa 1 mn3cnepsa. Bonpekun ye TexHono-
rmmTe HanpenasaT, YyBCTBUTENHOCTTa U Cneuu-
®OMYHOCTTa Ha TO3U METOA BCe Olle MOXe Aa
Bapupa B 3aBUCUMOCT OT B Ha pakKa, CTagua n
13nosn3BaHaTa TexHonorus. Mpu HUCbK TYMOpeH
ToBap 1A Korato He ce oTkpuBa cfDNA, e Heo6-
XOAUMO B3eMaHETO Ha TbKaHHa 6uoncus. Hacto-
AwmnTe opobpeHn ot FDA 1 BanuaunpaHu TectoBe
caNGS -aHanus Ha Agilent Resolution CTDX First
(Resolution Bioscience Inc., Liquid), Guardant
360 CDX (Guardant Health Inc., Liquid) n PCR -
Therascreen KRAS RGO PCR komnnekt (Qiagen
Manchester Ltd., Tissue) [16].

RAS mutations are primarily found in codons
12 and 13 and are substitutions, leading to va-
rious variations depending on the amino acid re-
placement.The most frequentare:

- KRAS G12C (39%), where glycine (Gly) is
replaced by cysteine (Cys);

- KRAS G12V (21%), where glycine (Gly) is
replaced by valine (Val);

- KRAS G12D (19%), where glycine (Gly) is
replaced by asparticacid (Asp);

-KRAS G13C(codon 13);

- KRAS Q61H (codon 61) and others [10,11,
12].

Globally, KRAS G12C is the most common
variant — one in eight patients with non - squa-
mous NSCLC carries this mutation. In most cases,
these are men over 60 years old who currently
smoke, though in about 41% of cases, the
mutation is also found in patients who quitted
smoking one or more years before testing [13].
Carrying the KRAS G12C mutation is also asso-
ciated with a worse prognosis. KRAS mutations
are most commonly found in mucinous adeno-
carcinoma, can very rarely be identified in squa-
mous cell histological subtypes, but are never
found in small cell lung cancer. KRAS G12C is
almost never found simultaneously with other
driver mutations like EGFR, ALK, ROS1, BRAF, but
co-mutations in STK11, KEAP1, TP53 are often
identified [14,15]. The frequency of the mutation
is higher in patients with high TMB (Tumor
Mutation Burden) and PD - L1 TPS (Total Propor-
tional Score) [16].

Currentinternational guidelines forlung can-
cer treatment recommend using NGS (Next-Ge-
neration Sequencing) in NSCLC patients to iden-
tify mutations for which targeted therapies are
available. According to NCCN, ESMO, and PAGA,
KRAS G12C should be tested in eligible patients
with advanced NSCLC [17]. Methods for KRAS
G12C testing include using liquid biopsy or tis-
sue samples. Liquid biopsy detects the presence
of cell-free tumor DNA (cfDNA), which is then se-
quenced and analyzed. Although the technolo-
gy is advanced, the sensitivity and specificity of
this method can still vary depending on the type
of cancer, stage, and technology used. In cases of
low tumor burden or when cfDNA is not detec-
ted, a tissue biopsy is necessary. Current FDA -
approved and validated tests include NGS analy-
sis by Agilent Resolution CTDX First (Resolution
Bioscience Inc., Liquid), Guardant 360 CDX (Guar-
dant Health Inc,, Liquid), and PCR - Therascreen
KRAS RGO PCR kit (Qiagen Manchester Ltd.,
Tissue) [16].
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Bucokumat apuHutetr Ha GTP (ryaHo3uH
Tpudocdat) n GDP (ryaHo3uH gudocdat) Kbm
KRAS n nuncaTta Ha Nogxo4ALL0 CBbP3BaLLo 3Be-
HO Ha noBbpxHocTTa Ha KRAS 3aTpygHABaT pas-
paboTBaHETO Ha MONIEKYNM, KOUTO AUPEKTHO Aa
ro nHxmoupar. Mpe3 2013r. Ostrem et al. oTKpu-
BaT T.Hap. ,A2»K06" (P2), KOeTo NpaBu Bb3MOXHO
CUHTE3UPAHETO Ha MaJIKi MOJNIEKYNN, AUPEKTHO
nHxnoupawm KRAS G12C. Mpes 2021 n 2022
roguHa ot FDA ca ogobpeHn n nbpsute KRAS
G12C - cenekTUBHM NHXMOUTOPY 3a SleueHne Ha
Bb3PACTHW NaLMEeHTV C HanpegHan Uiv meTacTa-
TnyeH HOPBL, nporpecupanu cnep egHa wnu
noBeye JIMHMK Ha cUCTeMHa Tepanua. MHoro
ApYyry monekynu ca BbB $asza Ha KIUHUYHO 13-
NUTBaHe, BKIOUNTENHO 1 TaKMBa, HACOYEHUN KbM
non — KRAS G12C - mytupanu Tymopu (KRAS
G12D). NMpoyusar ce n epukacHocTTa 1 besonac-
HOCTTa Ha KOMOUHMpPaHK Tepanuu, BKIOYBALLM
KRAS G12C uHxunbutopu [17].

PesynTtatn

CodeBreak e egHopameHHo da3sa |l npoyusa-
He, C BKIoYeHn 174 nayneHTn C 10KasHO aBaH-
cnpan unu metactatmyed HAPB[ ¢ pernctpupa-
Ha Nporpecrsa Ha MbpBa JINHUA NMYHOTepanua
WNnM nnatvHa - 6asupaHa xumuoTepanusd, 6e3
AKTUBHM MO3bYHM MeTacTasun 1 € fokasaHa KRAS
G12C myTauma ypes BanugupaHu metogm (ot
TeyHa broncma unu TbKaHHa nNpoba). B nbpeaTa
¢$aza Ha NpoyyBaHeTO NaLMeHTUTe ca NonyyaBa-
nn no 960 mg Sotorasib gHeBHO Ao Nporpecus
WIN HENPUEMIIMBA TOKCMYHOCT, KaTO MbpBMYHa
KpaHa Len Ha NpoyYyBaHETO e OUeHKa Ha
NMOHOCUMOCTTa 1 6e3onacHocTTa. BropaTta dasa
Ha NMPOYYBaHETO MMa MbpPBMYHA KparHa TOYKa
onpefesnaHe Ha CTerneH Ha 06eKTVBEH OTrOBOP
(ORR) 1 BTOPUYHW KpalHW TOUYKM MPOABIIKMI-
TenHocCT Ha otroBopa (DOR), KOHTpon Ha 6onecT-
Ta (DCR), npexusaemocT 6e3 nporpecua (PFS),
obwa npexnesaemoct (OS). [loknagsaHuTe no-
cturHaty pesyntat ca ORR37,1 % nmDORoT1 10
Meceua. 58% o1 oTroBopunuTte Ha NevyeHneTo
nauveHTn noaabp»KaT TepaneBTUYHNA OTrOBOP
Hap 6 meceua, mPFS e 6,8 meceua, amOS e 12,5
Meceua. HanpaBeHu ca nogrpynoBu aHannsu 3a
NoCTUrHaTUA TepaneBTuyeH edeKkT B 3aBUCU-
mocT oT PD - L1 - ekcnpecuATa 1 HanM4mneTo Ha
Ko —-MyTaummBTP53,STK11,KEAP1[18].

CodeBreak 200 e ¢a3a lll npoyuBaHe ¢ BKno-
yeHu 345 maymeHTn C aBaHCUpan Wi meTacTa-
TnyeH HOPB[ n KRAS G12C M+, nporpecupanu
Ha nNpeaxoAHa eiHa UK NoBeYe IMHUY Tepanus,
CpaBHsABalLo edMKacHOCTTa Ha Sotorasib 960 mg
[AHEBHO CbC CTaHZAPTHa XMMMOTepanusa 3a BTO-
pa v nocneasaula nuHKUA — Docetaxel 75mg/m?
i.v. Ha Tpy ceamuun. MbpBMYHA KpalHa Len Ha
npoyusaHeTo e PFS cnopep BICR (Blinded Inde-
pendent Central Review), a BTOpUUYHU KpanHu

The high affinity of GTP (guanosine triphos-
phate) and GDP (guanosine diphosphate) for
KRAS and the lack of a suitable binding site on
the surface of KRAS have made it challenging to
develop molecules that directly inhibit it. In
2013, Ostrem et al. discovered the "pocket" (P2),
which enabled the synthesis of small molecules
that directly inhibit KRAS G12C. In 2021 and
2022, the FDA approved the first KRAS G12C -
selective inhibitors for treating adult patients
with advanced or metastatic NSCLC who had
progressed after one or more lines of systemic
therapy. Many other molecules are in clinical
trials, including those targeting non-KRAS G12C-
mutated tumors (e.g., KRAS G12D). The efficacy
and safety of combination therapies involving
KRAS G12Cinhibitors are also being investigated
[171.

Results

CodeBreak is a single — arm, phase Il study
that enrolled 174 patients with locally advanced
or metastatic NSCLC with documented progres-
sion after first — line immunotherapy or platinum
- based chemotherapy, without active brain
metastases, and with confirmed KRAS G12C
mutation via validated methods (from liquid
biopsy or tissue sample). In the first phase of the
study, patients received 960 mg of Sotorasib
daily until progression or unacceptable toxicity,
with the primary endpoint being the assessment
of tolerability and safety. The second phase of the
study had as its primary endpoint the objective
response rate (ORR) and as secondary endpoints
the duration of response (DOR), disease control
rate (DCR), progression-free survival (PFS), and
overall survival (OS). The reported results
achieved were an ORR of 37.1% and a mDOR of
10 months. 58% of responding patients main-
tained therapeutic response for over 6 months,
mPFS was 6.8 months, and mOS was 12.5
months. Subgroup analyses were performed for
the achieved therapeutic effect depending on
PD-L1 expression and the presence of co-
mutationsinTP53,STK11, KEAP1[18].

CodeBreak 200 is a phase Ill study involving
345 patients with advanced or metastatic NSCLC
and KRAS G12C M+, who had progressed on one
or more previous lines of therapy, comparing the
efficacy of Sotorasib 960 mg daily with standard
second - line and subsequent chemotherapy —
Docetaxel 75mg/m” i.v. every three weeks. The
primary endpoint of the study was PFS according
to BICR (Blinded Independent Central Review),
and secondary endpoints were OS, ORR, DOR,



uenu — OS, ORR, DOR, DCR 1 6e3onacHoOCT Ha me-
AvkameHTa. CodeBreak 200 noctura nbpBrYHa-
Ta CU KparHa Les, KaTo JOKa3Ba, Ye NauneHTumTe,
nekyBaHu cbc Sotorasib, umat no-gbnra PFS ot
Te3U B KOHTPOIHOTO PaMo, NONyUYUy Tepanma C
Docetaxel. 12-meceuHaTta PFS 3a Sotorasib e
24,8% cpewy 10,1% 3a Docetaxel. NaymeHTuTe,
npuemanu Sotorasib, cbobuiaBaT 3a nogobpe-
Hue B 06WOTO CcbCTOAHME, QYHKLMOHANHKA
KanauuTteT 1 peayKuma Ha OUCMHEeATa, HO He ce
OTUMTa CbLLECTBEHA NPOMSAHA MO OTHOLLEHME Ha
KalnvuaTa u rpbhHaTa 60Ka. Mo oTHoLEeHYe Ha
OS Sotorasib He gemoHCTpupa NPeanmMCcTBO
npep Docetaxel [18].

KRYSTAL - 1 e egHopameHHo dasa I/Il knu-
HWYHO NpPOYYBaHe, oLleHABaLLO edrKacHOCTTa 1
6e3onacHocTTa Ha aApyr KRAS G12C - nHxubuTtop
— Adagrasib (MRTX849) - 3a neueHue Ha naymeH-
TN CcaBaHcMpan unv metactatnyed HAPB/, nony-
ynny NpeaxonHu NHum Tepanus. CbobuleHuTe
pe3syntaTn ca 3a nocturHata ORR ot 43%, mPFS,
Bb3/M3alla Ha 6,9 meceua n mOS ot 14,1 meceua.
HanpaBeH e KopenaTvBeH aHanu13 Ha HanMuneTo
Ha Ko-myTaumA B STK11 n nocturHatata ORR,
KosaTo e 64% 3a naumeHtute ¢ KRAS G12C un
STK11 no3utmsHu Tymopu. OTueTeH e u fobbp
WHTpaKpaHManeH OTrOBOP MpPU NauUeHTn C
MO3bYHUN MeTacTa3n [19].

Opyrun KRAS G12C - nHxubumtopmu KaTo
LY3537982,JDQ443 v Divarasib ca B paHHU dpazn
Ha KNWHWYHWU M3NUTBaHMA. Te3n monekynu,
BKIounTENHO 1 Sotorasib n Adagrasib, ce Hapu-
yat KRAS G12C (OFF) nHxmnbutopu, Tbi KaTo ce
cBbp3BaT ¢ GDP - cBbp3aHua KRAS G12C, 3a ga
NpefoTBPaTAT aKTUBUPAHETO Ha HEaKTMBHUA
KRAS G12C. ipyramonekyna—RMC-6291eRAS
(ON) MHXM6UTOP, KONTO Ce CBbP3Ba C Luanepo-
HOB npoTenH uuknodunuH A, 3a fa obpasysa
UHXNOUTOPEH KOMMAEKC U Aa NMpefoTBpaTu
akTuBMpaHeTo Ha GTP — cBbp3aHna KRAS. FMC -
376 e HoB gBoeH KRAS G12C (ON) n (OFF) nHxu-
6UTOP, KOWTO AEMOHCTPMPA NMPOTUBOTYMOPHA
AKTUBHOCT in Vvivo 1 npegnonara cnocobHoCT 3a
npeogonaBaHe Ha pe3ncTeHTHocTTa Kbm KRAS
G12 C(OFF) nHxubutopu [19].

Anckycna

Paskputi ca MHOXXeCTBO MexaHU3MM 3a Bb3-
HUKBaHe Ha pe3ncTteHTHOCT KbM KRAS G12C -
NHXnb6uTopuTe. MbpBUYHATA PE3UCTEHTHOCT €
npuYrHa 3a HeJOCTaTbYHUA TepaneBTUYEH OT-
roBOp Mpv MOHOTEPanuu C Te3n MefnKamMeHTH.
KRAS e KpbCTOCaHO CBbp3aH C PasfinyHK CUT-
Ha/HW NbTUla KaTo edeKTopuTe NO Bepurata
BnmAAT Ha KRAS B pasnnuHa cteneH. EgnH ot
KPUTMYHUTE MEeXaHM3MU 3a Pe3UNCTEHTHOCT €
HanMuMeTo Ha KofaTepasiHa CUrHanmsauyma.
Bbvnpekn ue RAS e gBuraten Ha octa RTK - RAS -
MAPK, HenHUAT Bb3x0oaAL, (peLenTopHa TUpPoO-

DCR, and drug safety. CodeBreak 200 achieved
its primary endpoint, demonstrating that pati-
ents treated with Sotorasib had longer PFS than
those in the control arm who received Docetaxel
therapy. The 12 - month PFS for Sotorasib was
24.8% versus 10.1% for Docetaxel. Patients recei-
ving Sotorasib reported improvement in general
condition, functional capacity, and reduction of
dyspnea, but no significant change was noted
regarding cough and chest pain. Regarding OS,
Sotorasib did not demonstrate an advantage
over Docetaxel [18].

KRYSTAL-1 is a single-arm phase I/Il clinical
study evaluating the efficacy and safety of ano-
ther KRAS G12Cinhibitor — Adagrasib (MRTX849)
— for the treatment of patients with advanced or
metastatic NSCLC who had received previous
lines of therapy. The reported results showed an
ORR 0f43%, a mPFS of 6.9 months,and an mOS of
14.1 months. A correlative analysis was perfor-
med on the presence of a co-mutation in STK11
and the achieved ORR, which was 64% for
patients with KRAS G12C and STK11 positive tu-
mors. A good intracranial response was also ob-
served in patients with brain metastases[19].

Other KRAS G12C inhibitors such as
LY3537982, JDQ443, and Divarasib are in early
phases of clinical trials. These molecules, inclu-
ding Sotorasib and Adagrasib, are called KRAS
G12C (OFF) inhibitors because they bind to GDP-
bound KRAS G12C to prevent the activation of
inactive KRAS G12C. Another molecule - RMC-
6291 is a RAS (ON) inhibitor that binds to the
chaperone protein cyclophilin A to form an
inhibitory complex and prevent the activation of
GTP-bound KRAS. FMC-376 is a novel dual KRAS
G12C(ON) and (OFF) inhibitor that demonstrates
antitumor activity in vivo and suggests the
ability to overcome resistance to KRAS G12C
(OFF) inhibitors[19].

Discussion

Numerous mechanisms for the development
of resistance to KRAS G12C inhibitors have been
uncovered. Primary resistance is the reason for
insufficient therapeutic response with monothe-
rapies using these drugs. KRAS is cross-linked
with various signaling pathways, and effectors
downstream influence KRAS to varying degrees.
One of the critical resistance mechanisms is the
presence of collateral signaling. Although RAS
drives the RTK-RAS-MAPK axis, its upstream
(receptor tyrosine kinase — RTK) and down-
stream (mitogen-activated protein kinase -
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3UH KnHa3a — RTK) u Hu3xopaaL, (MUTOreH-akTu-
BMpaHa NpoTeunH KnHasa - MAPK) nbT nonyua-
BaT oOpaTHa Bpb3Ka 1 MO APYrM MeXaHU3MuM Ha
CUTHanHa TpaHcaykuma. Ta3m peakTrnBauma fo-
npuHaca 3a MbpBMYHATa PE3NCTEHTHOCT KbM
nHxnbupaHeto Ha KRAS G12C [20]. pyru mone-
kynu kato PI3K, AKT, mTOR, SHP2, SOS1, CDK4
OCUrypsBaT KNeTbUYHOTO OLeNsiBaHe v nponude-
pauus B ycnosusaTa Ha KRAS G12C-nHxubunpaHe.
Hannuneto Ha reHOMHV MPOMEHU 1 KO-MyTauum
Ha KEAP1, SMARKA4, CDKN2A cbuio ca cBbp-
3aHV C NO-JIOWN TepaneBTUYHN pPe3ynTaTiul.

Mpuaobutata pPe3nCTeHTHOCT BOAN OO pe-
bpaKTepHOCT Ha NeyeHNeTo NPU TYMOpPK, KOUTO
nbpBoHayanHo oTroBapAT Ha KRAS G12C nHxu-
onyuaTta. CurHanute Ha EGFR nnn Aurora - kina-
se A (AURKA) morat fa nogabp»aT npoTenHa B
akTMBHa GTP - cBbp3aHa ¢opma, KaTo Mo To3u
HaunMH n36areat cBbp3BaHeTo ¢ KRAS G12C -
MHXM6UTOpa. Opyrn mMexaHusmu, CBbp3aHu C
pas3BuUTUE Ha PE3NCTEHTHOCT, Ca akTUBMUPAHEe Ha
myTauun 8 MAP2K1, BRAF, RET, NRAS, oHKoreH-
HW cnnBaHus, BkNtouBawy BRAF, RET, ALK, RAF1
FGFR3, MET - amnnudukauus, 3aryba Ha ¢yHK-
uma Ha NF1 n PTEN. B onut 3a npeogonaeaHe Ha
pPe3nCTEeHTHOCTTa Ce NPoyUBa NPUNOXKEHMNETO Ha
KOMOVHVPaHM MOAXOAM KaTo M3MOon3BaHe Ha
SHP2 nnHxunbutopm (TNO 155, RMC - 4630, GDC -
1971), 6nokupaHe Ha apyru PI3K/AKT/ MAPK
edekTopHU monekynu (MTOR, RAF, MEK, ERK),
6nokunpaHe Ha RTK (EGFR), nsnonseaHe Ha Bak-
cnHu, umyHotepanua, CAR T — kneTbuHa Tepa-
nua [20].

B xon ca HeManko KNVHWYHN NPOYyYBaHKA 3a
OLEeHKa Ha edMKACHOCTTa Ha KOMOUHUPaHK pe-
KUMK C XUMMOTEpanusA, byeneyvyeHne n Tapret-
HU areHTu. lNpegBapuTenHUTe pe3ynTaTn foKas-
BaT, Ye naumeHTn c aktmempawa KRAS G12C
MyTaLsA OTrOBapAT AOOPE Ha ieyeHne C TakCaHu
1 Pemetrexed, a kombuHayuAata ot Sotorasib n
Carboplatin nma 3HaunTeNHO NO-BUCOKa aHTUTY-
MOpPHa epMKaACHOCT B CPaBHEHUE CbC CAMOCTOS-
TENHOTO MPUIOKEHNE Ha Te3N MeOUKaMEHTU.
[oka3Ba ce owye, ye naymeHtn ¢ KRAS G12C my-
Tauuma, NbyeieyeHNEeTo U CUCTEMHATa Tepanus C
PD - 1 aHTUTANO MMaT cUHepruyeH edekT. [1ge ca
npoBeAeHNTe 4O MOMEHTA MPOYYBAHNA Ha KOM-
6uHaumm ¢ TKW, Kouto He nokasBaT epeKTmB-
HOCT 11 MoN3a OT KOMOMHKPAHOTO nevyeHue. Mpo-
[b/KaBa NpoyYBaHETO Ha KOMOUHUPaHN pexu-
MK ¢ SHP2 - nHxubutopun , SOS1 - nHxnbuTopwU,
PI3K — nHxmbutop 1 cbc CDK4/6 nHxmnbutopm ¢
ornen 6nokupaHe Ha PI3K/AKT/mTOR C1 cur-
HanHuANbT [21,22].

MHoro npoyuBaHuA n3cnenBat ponATa Ha Ko
— MyTauumTe 3a NOCTUraHe Ha TepaneBTUYEH OT-
roBop. YCTaHOBEHO €, Ye TYMOpU € KO — MyTaLumn
Ha KRAS 1 STK11 u/vinn Ha KEAP1 umaT no-HuUCKn
HuBa Ha PD - L1 ekcnpecuna n CboTBETHO NO-NOLL

MAPK) pathways receive feedback through ot-
her signal transduction mechanisms. This reacti-
vation contributes to primary resistance to KRAS
G12C inhibition [20]. Other molecules like PI3K,
AKT, mTOR, SHP2, SOS1, CDK4 ensure cell survi-
val and proliferation under conditions of KRAS
G12Cinhibition. The presence of genomic chan-
ges and co-mutations of KEAP1, SMARKA4,
CDKN2A are also associated with worse thera-
peutic outcomes.

Acquired resistance leads to treatment re-
fractoriness in tumors that initially respond to
KRAS G12C inhibition. EGFR or Aurora-kinase A
(AURKA) signals can maintain the protein in an
active GTP-bound form, thereby avoiding
binding with the KRAS G12C inhibitor. Other
mechanisms related to the development of
resistance include the activation of mutations in
MAP2K1, BRAF, RET, NRAS, oncogenic fusions
involving BRAF, RET, ALK, RAF1, FGFR3, MET
amplification, and loss of function of NF1 and
PTEN. In an attempt to overcome resistance, the
application of combined approaches is being
investigated, such as the use of SHP2 inhibitors
(TNO 155,RMC-4630, GDC-1971), blocking other
PI3K/AKT/MAPK effector molecules (mTOR, RAF,
MEK, ERK), blocking RTK (EGFR), and using
vaccines, immunotherapy, CAR T-cell therapy
[20].

Numerous clinical studies are underway to
evaluate the efficacy of combined regimens with
chemotherapy, radiotherapy, and targeted
agents. Preliminary results show that patients
with activating KRAS G12C mutation respond
well to treatment with taxanes and Pemetrexed,
and the combination of Sotorasib and Carbo-
platin has significantly higher antitumor efficacy
compared to the individual administration of
these drugs. Itis also proven thatin patients with
KRAS G12C mutation, radiotherapy and systemic
therapy with a PD-1 antibody have a synergistic
effect. Two studies conducted so far on combina-
tions with TKIs have not shown effectiveness or
benefit from combined treatment. The study of
combined regimens with SHP2 inhibitors, SOS1
inhibitors, PI3K inhibitors, and CDK4/6 inhibitors
isongoing, with a view to blocking the PI3K/AKT/
mTOR C1 signaling pathway [21,22].

Many studies are investigating the role of co-
mutations in achieving therapeutic response. It
has been established that tumors with co-
mutations of KRAS and STK11 and/or KEAP1 ha-
ve lower levels of PD-L1 expression and con-



OTrOBOP KbM MMYHOTEpanus, Kakto U KbM XU-
MuoTepanua. Tymopu ¢ Ko — myTtauumn KRAS -
TP53 nmat no-BMCOKM HMBA Ha ekcnpecusa Ha PD
- L1 notrosapAar fobpe Ha umyHoTepanus. KRAS
G12D e HeraTBeH NPeAVIKTMBEH MapKep 3a OT-
roBop KbM MMyHoTepanus. lNpeacton goknag-
BaHe Ha pe3ynTaTyi OT Ole MHOM0o KAWUHWUYHWN
n3nuTBaHua [23].

B ycnoBuATa Ha HenpeKbCHATO HaTpyrnBaHe
Ha 3HaHWA 3a TYMOPHaTa GUoNorus N CTpemexa
KbM nopobpsABaHe Ha TepaneBTUYHUTE pe3yi-
TaTW, Npunaranku npeynsHn u nepcoHanu-
3upaHu Noaxoamn, CTaBa HaNOXNTENHO NO3HaBa-
HeTO Ha M3BECTHWUTE O MOMeHTa buomapkepu,
OCUTYPABAHETO Ha Bb3MOXKHOCTM 3@ TAXHOTO
TecTBaHe M M34yepraTesiHo TYMOpHO npobunu-
paHe, KakTo U TbPCEHETO U OTKPMBAHETO Ha
HOBW GUMOMapKepu, NAeHTUPULMPAHETO Ha
HOBW, MOTEHLMANHN TapreTu 1 Npoy4BaHEeTo Ha
6baeln oule nNo-ePpeKTVBHY TepaneBTUYHN pe-
weHwuA B nevyeHneto HaHAPBA.
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through precise and personalized approaches, it
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OT NAKCENIA A0 MPOTHO3A:
PONTATA HA M3KYCTBEHWA WHTENEKT
3A T10-406PU PECTTMPATOPHI TPUAKIA

M. Kosapes', E. MekoB?, P. leTkos>

'YMBAN,CseTu ViBaH Punckun” EAJ]
? Katenpa no 6enoapo6Hu 6onect, MeanLmHcKn dpakynTer,
MepnumHckn yHusepcuteT - Copua, Codus

Peslome

PecnupatopHuTe 3abonsiBaHUS NpefcTaBisBaT 3HaUMTESIHA TEXECT 3a 3[PaBETO B CBETOBEH
MalLab 1 M3MCKBAT TOYHA U HAaBPEMEHHA ANArHOCTUKA, 3a la ce NofobpAT pe3ynTaTuTe 3a NaUMeHTUTE U
Jla ce HamanAT pa3xoauTe 3a 3apaBeonasBaHe. Ob6pa3HaTa AMArHOCTUKA € OT OCHOBHO 3HaueHue 3a
[AVArHOCTULMPAHETO U KJIMHUYHOTO NMoBedeHne Npu pecnupaTtopHuTe 3abonaBaHua. TpaguLUOHHUTE
METOAM 3a BM3yanm3auusa obaue ca uanpaBeHu npep npeamn3BrKaTescTBa, CBbP3aHy C AMAarHOCTMYHATa
BapVAOUITHOCT, rofiIMOTO PabOTHO HAaTOBapBaHE Ha CMELMANNCTUTE 1 OFPaHMYEHNA B MPELM3HOCTTA.
MN3kycTBeHMAT nHTenekT (Al) 1 no-cneumanHo anropuTMmTe 3a MalWVHHO obyveHune 1 deep learning, ce
ouepTaBa KaTo TpaHCHOpPMMpPALL MHCTPYMEHT NPy BU3yanun3aumsaTa Ha pecnvpaTopHuTe 3abonaBaHus,
npegnaraikv NoBuLIeHa AMarHOCTUYHA TOYHOCT, ePEeKTUBHOCT 1 Bb3MOXHOCTU 3a MPOrHO3MPaHe.

HacToAwaTa ctaTna pasrnexaa npunoxeHnata Ha Al B obpasHaTa MeauuMHa Npu pecnupaTtop-
H1 3abonABaHMsA, KaTo NoAuYepTaBa posnATa My B AUArHOCT1KaTa Ha 3ab0nABaHMATa, XapaKTepr3npaHeTo,
CTaAupPaHeTo, NPOrHO3NPaHETO UM, NOAOOPABAHETO Ha N306paXKeHUATa U ONTUMU3MPAHE HA PAabOTHUSA
npouec.

KntouoBu gymum: /13KyCcTBEH VHTENIEKT, pecrnmpaTopHy 3abonsaBaHus, 06pa3Ha 4MarHOCTYKa,
deep learning, fnarHocTyHa TOUHOCT



FROM PIXELS TO PROGNOSIS:
AI'S ROLE IN BETTER
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Abstract

Respiratory diseases pose a significant global health burden, necessitating accurate and timely
diagnosis to improve patient outcomes and reduce healthcare costs. Medical imaging is central to
diagnosing and managing respiratory conditions. However, traditional imaging methods face challenges
related to diagnostic variability, high workloads, and limitations in precision. Artificial intelligence (Al),
particularly machine learning and deep learning algorithms, has emerged as a transformative tool in
respiratory disease imaging, offering enhanced diagnostic accuracy, efficiency, and predictive
capabilities.

This manuscript explores the applications of Al in respiratory disease imaging, highlighting its
role in disease detection, characterization, staging, predictive analytics, image enhancement, and
workflow optimization.

Keywords: Artificial intelligence, respiratory diseases, medical imaging, deep learning, diagnostic
accuracy
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BbBeageHne
PecnvpaTtopHuTte 3abonaBaHus npencTaBna-
BaT 3Hauum rnobaneH 34paBeH nNpobnem, Kato
JOMPUHACAT 3a 3HauuTenHata GONecTHOCT ”
CMbPTHOCT B CBETOBEH Mallab. PAHHOTO 11 TOUHO
AVarHocTMUMpaHe Ha pecnupaTopHuTe 3abons-
BaHWA e OT pellaBallo 3HauyeHue 3a edpekTnB-
HOTO NleueHe U NofobpPABaHETO Ha pe3ynTaTuTe
3a nauueHTuTe. 3aKbCHANATa WK HEMpaBuIIHa
JMarHosa Moxe Aa foBefle JO mporpecua Ha
3a60/15IBaHeTO, yBeNMYaBaHe Ha pa3xoauTte 3a
3[paBeonasBaHe ¥ Mo-BMCOKA CMbPTHOCT. Ha-
npvmMep, PaHHOTO OTKpUBaHe Ha 6enofpobeH
KapLMHOM UYpe3 CKPMHUHIOBU MPOrpamMm nogo-
6pABa 3HaUMMoO npexmeaemocTtTa[1].
O6pa3HaTa MeauLMHA € KpalbrbieH KaMbK
B AMArHOCTMKaTa 1 JIeYeHeTo Ha pecrnmpaTop-
HUTe 3abonsABaHNA. CbLLeCTBYBAT Pa3iNYHU 06-
pa3HV MeToAM, KaTo BCEKU OT TAX npegsara CBou
npepmmcTea. PeHTreHorpadunte Ha rpbaHMA
KOLI Ce M3MOJ3BaT LWMPOKO 3a MbpBOHaYaneH
CKPVIHUHT Nopajn TAXHaTa AOCTBNHOCT 1 HMCKa
ueHa. KomniotbpHata Tomorpadua (KT) ocury-
pABa M306pakeHWs C BMCOKa pasfenutenHa
CNOCOBHOCT U e 3n1aTeH CTaHAAPT 3a OTKpPUBaHe
Ha 6enogpoOHM HOZyNW, XapaKkTepun3mpaHe Ha
6enopobHNA KapLMHOM 1 OLieHKa Ha TexecTTa
Ha 3abonsaBaHeTo [2]. MarHUTHO-pe30HaHCHaTa
Tomorpadua (MPT) n no3nTPpOHHO-eMUCUNOHHa-
Ta Tomorpadusa (MNET) cbwo ce n3nonseat, 0Co-
6€eHO 3a MO-TOYHO CTagupaHe Ha benogpobHUs
KapLuuHOM 1 GyHKLMOHanHo n3obpasasaHe [3].
Bbnpekn nonesHoCTTa MM, MHTEpRpeTupa-
HeTO Ha JJaHHUTe OT U3obpakeHrATa NpescTaBs-
nABa CEePUO3HO Npeamn3BMKaTencTBo. PeHTre-
Hono3nte TpAGBa fJa B3emaT noj BHMMaHUe
NPOMEHNINBOTO KauyecTBO Ha M300pakeHunATa,
NPUNOKPYBALLUTE Ce MPOABU Ha 3a00NABaHNATa
1 OrpOMHUA 06eM JaHHU, FeHepupaHu oT 1306-
pakeHnATa C BMCOKa pe3ontouunda. Hanpumep
pasrpaHnYaBaHeTo Ha 6EHUTHEH M OT MaJIUTHEHM
6enogpobHN HOAYNW MPU KOMMIOTbPHa TOMO-
rpadus moxe fa 6bae cybeKTVBHO U C BUCOKa
BaprabunHocT mexgy oueHntenmte [4]. OcBeH
TOBa HapacCTBAaLLOTO TbPCEHE Ha CreunanncTu
no obpa3Ha AMarHoCTKa HaToBapBa cUcTeMuTe
3a 3[paBeorna3BaHe, KOETO NoAvYepTaBa HEOHXO-
OMMOCTTa OT MHCTPYMEHTM 3a MOBMLLABaHE Ha
[AMarHoCTMyYyHaTa TOYHOCT Y eEeKTUBHOCT.
MN3kycTBeHMAT nHTenekT (Al), no-cneunanHo
MalUMHHOTO obyyeHwne (ML) ndeep learning (DL),
ce oyepTaBa KaTo TpaHcpopMMpalla cuia B 06-
nactta Ha obpa3HaTta juarHoctuka. Npunoxe-
HueTo Ha Al 3a MegUUUHCKM 1306paxkeHus ce
pa3pactBa 6bP30, KOETO Ce AbJIXKM Ha Harpe-
ObKa B U3UMCAUTENHATa MOL, HanMumeTo Ha
ronemm Habopwu OT AaHHW 1 Pa3paboOTBaHETO Ha
CnoXkHu anroput™Mn. HterprpaHeTo Ha Al B Knu-
HUYHaTa NpaKTKa obaye U3KCKBa BHUMATENTHO
pasrnexaaHe Ha TeEXHUUYECKUTe, ETUYHUTE U pe-
rynatopHute ¢pakTtopu, 3a Aa ce rapaHTnpa 6eso-
nacHaTtamy 1 epeKTrBHa ynotpeoa.

Introduction

Respiratory diseases represent a significant
global health burden, contributing to substan-
tial morbidity and mortality worldwide. Early
and accurate diagnosis of respiratory diseases is
crucial for effective treatment and improved pa-
tient outcomes. Delayed or incorrect diagnoses
can lead to disease progression, increased
healthcare costs, and higher mortality rates. For
instance, early detection of lung cancer through
screening programs has been shown to signifi-
cantlyimprove survival rates[1].

Medical imaging is a cornerstone in the diag-
nosis and management of respiratory diseases.
Various imaging modalities are employed, each
offering unique advantages. Chest X-rays are
widely used for initial screening due to their
accessibility and low cost. Computed tomogra-
phy (CT) provides high-resolution images and is
the gold standard for detecting lung nodules,
characterizing lung cancer, and assessing disea-
se severity [2]. Magnetic resonance imaging
(MRI) and positron emission tomography (PET)
are also utilized, particularly for advanced sta-
ging oflung cancerand functionalimaging [3].

Despite their utility, interpreting imaging da-
ta presents significant challenges. Radiologists
must navigate variability in image quality, over-
lapping disease presentations, and the sheer
volume of data generated by high-resolution
imaging. For example, distinguishing benign
from malignant lung nodules on CT scans can be
subjective and prone to inter-observer variabi-
lity [4]. Additionally, the increasing demand for
imaging services has placed a strain on health-
care systems, highlighting the need for tools to
enhance diagnosticaccuracy and efficiency.

Artificial intelligence (Al), particularly machi-
ne learning (ML) and deep learning (DL), has
emerged as a transformative force in medical
imaging. The application of Al in medical ima-
ging has grown rapidly, driven by advancements
in computational power, the availability of large
datasets, and the development of sophisticated
algorithms. However, the integration of Al into
clinical practice requires careful consideration of
technical, ethical, and regulatory factors to
ensureits safe and effective use.



HacToswwaTa ctatua pasrnexaa npunoxeHu-
ATa Ha Al B 06pa3HaTta MeanLMHa Npy pecnvpa-
TOPHU 3a60MABaHKA, KaTo nofgyepTaBa ponsTa
My B AVArHocTuKaTa Ha 3abonaBaHuATa, Xapak-
Tepu3npaHeTo, CTafMpaHeTo, NPOrHO3NPaHETO
1M, NoAo6PsIBaHETO Ha M306pakeHNATa N ONTK-
MU3MpaHe Ha paboTHMsA NpoLec.

MpunoxeHnA Ha U3KYCTBEHNA HTENEKT
Bo6Gpa3HaTa MeguLiHa

npu pecnupaTopHu 3abonABaHnA
JuazHocmuka

Al gemoHCTpupa 3abenexnTenHn Bb3MOX-
HOCTV NPU YCTaHOBABAHETO U AMarHoCTULMpa-
HEeTO Ha pecnupaTtopHu 3abonsaBaHWsA, KaTo
npepnara 3HaunTeNnHW NopaobpeHna B TOUYHOCT-
Ta, ePeKTMBHOCTTa U Bb3MOXHOCTTA 3a PaHHU
WHTepBeHUMW. EQHO OT Hali-3HaummuTe Npuno-
XeHus Ha Al e B OTKpUBaHeTO Ha 6enoapo6HM
HoZynu, Tymopu n 6enonpobeH KapuvHOM B
paHeH cTaguii. benoapobHUAT KapLMHOM, KOTO
e BoJella NprymMHa 3a CBbp3aHUTe C KapLUHOM
CMBPTHU Cllyyan B CBETOBeH Maluab, yecTto ce
npeacTaBs KaTo MasnKu HOZynu npu obpasHu
n3cnepBaHus, KOUTO MoraT Aa 6baat npemssu-
KaTesICTBO 3a TOYHO OTKPMBAHE U XapaKTepu3u-
paHe. ANroputmMuTe C 3KyCTBEH UHTENIEKT, OCO-
6eHo Te3u, KomTo ce ocHoBaBaT Ha DL, nokassat
n3KunTenHa ebeKTBHOCT NpU naeHTdnL K-
paHeTo Ha 6enoApo6HU HOAY M MPY KOMMOTbP-
Ha Tomorpadwus. Ardila et al. paspaboTsaT mogen
Ha DL, KonTo NpeBb3xoXaa LWeCcTUMa PeHTreHo-
NO31 NPU OTKPYBAHETO Ha 3/10KayecTBeHN 6eno-
OPO6HM HOZYNN, KaTo MOCTWra HamarnsBaHe Ha
danwmso nonoxutenHute pesyntatn ¢ 11% n Ha
danwmso otpuuatenHuTe ¢ 5% [5]. TakmBa UHCT-
PYMEHTU MoraT [a NOAMNOMOrHaT PeHTreHono-
31Te B NPOrpammTe 3a PaHeH CKPUHUHT Ha 6eno-
OpobeH KapuMHOM, KaTo MOTEHLMANHO Noao6-
PAT NpeXmnBAemMocTTa Ype3 HaBpeMeHHa Auar-
HOCTUKa. EQHa OT HanuyHUTe B TbproBcCKaTta
Mpexa CUCTEMM 3a KOMMITbPHO-acUCTUpPaHa
anarHocturKa (CAD) - Veye Lung Nodules nono6-
psiBa YyBCTBUTENIHOCTTA 33 OTKPUBAHE Ha HOAY-
nn ot 71,9% Ha 80,3% C MUHUMAaNHo yBennyeHve
Ha npoueHTa Ha GanliBO NOJIOKUTENTHUTE Cb-
obuweHuna[6].

Al e LWLINPOKO NpuNaraH 1 Npu aBTomaTranpa-
HaTa AMarHocTuka Ha MHGEKUMO3HN pecnupa-
TOPHU 3a00/1ABaHMA KaTo MHEBMOHNA, TyOepKy-
nosa n COVID-19. Rajpurkar et al. cb3pgasat
CheXNet - DL anroputbm, KOMTO NPEBb3X0OXKAaA
pPEHTreHoNno3nTe NPy AMArHOCTULMPAHETO Ha
NMHEBMOHWA OT peHTreHorpadum Ha rpbaHUA
kow [7]. Mo nomo6eH HaumH Al e U3Non3BaH 3a
OTKpVBaHe Ha 3HauMMu TopakasiHu 3abonsBa-
HWA, BKNoUNTeNHO 6e1oApo6HM 3110KauecTBeHM
HOBOOOpA3yBaHWs, akTBHa TybepKyno3a, MHeB-
MOHVA 1 MHEBMOTOPAKC OT peHTreHorpadumn Ha
rpbaeH kouw [8]. Mo oTHoLWweHne Ha YyBCTBUTEN-
HOCTTa 1 cneunmduyHOCTTa pesyntaTuTte 3a OT-
KpuBaHe Ha TybepKyno3Ha nHbekuma npu

This manuscript explores the applications of
Alin respiratory disease imaging, highlightingits
role in disease detection, characterization, sta-
ging, predictive analytics, image enhancement,
and workflow optimization.

Applications of Al
inrespiratory diseaseimaging

Diagnosis

Al has demonstrated remarkable capabilities
in the detection and diagnosis of respiratory
diseases, offering significant improvements in
accuracy, efficiency, and early intervention. One
of the most prominent applications of Al is in the
detection of lung nodules, tumors, and early-
stage lung cancer. Lung cancer, the leading
cause of cancer-related deaths worldwide, often
presents as small nodules on imaging studies,
which can be challenging to detect and charac-
terize accurately. Al algorithms, particularly
those based on DL, have shown exceptional
performance in identifying lung nodules on CT
scans. Ardila et al. developed a DL model that
outperformed six radiologists in detecting
malignant lung nodules, achieving a reduction
in false positives with 11% and false negatives
with 5% [5]. Such tools can assist radiologists in
early lung cancer screening programs, poten-
tially improving survival rates through timely
diagnosis. One of the commercially available
computer-assisted diagnosis systems (CAD) -
Veye Lung Nodules improves the sensitivity of
detecting nodules from 71.9% to 80.3% with a
minimal increase in false positive reporting rate
[6l.

Al has also been widely applied to the auto-
mated diagnosis of infectious respiratory disea-
sessuch as pneumonia, tuberculosis,and COVID-
19. Rajpurkar et al. created CheXNet, a DL algo-
rithm that outperformed radiologists in diag-
nosing pneumonia from chest X-rays [7]. Simi-
larly, Al has been employed to detect major tho-
racic diseases including pulmonary malignant
neoplasm, active tuberculosis, pneumonia, and
pneumothorax in chest radiographs [8]. In terms
of sensitivity and specificity, results vary greatly
between companies in detecting tuberculosis
infection. Currently, the best performing pro-
ducts are Lunit, Nexus, JF CXR-2, and gXR, with
sensitivity >90% [9].
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pasnMuyHUTE KOMNaHWW BapupaT 3HAUUTESHO.
MoHacTosAweM Han-gobpe npepcTaBAWmUTE Ce
npoaykTtn ca Lunit, Nexus, JF CXR-2 n gXR, ¢
YyBCTBUTENHOCT >90% [9].

COVID-19 naHpemuATa JOMbAHUTENHO YCKO-
psABa BHeAPABAHETO Ha N3KYCTBEHWNA UHTENEKT B
obpa3HaTa AMarHoCTUKa Ha PecnnpaTopHu 3a-
6onaBaHuA. bbp3o ca paspaboTteHn Al mogenu
3a OTKpUBaHe Ha aHoManuu, cebp3aHn ¢ COVID-
19, KaToO MAaTOBO CTbBKJ/IO U KOHCONMAaumu, Ha
peHTreHorpadumTe U KOMMITbPHUTE TOMOrpPa-
éun Ha rpbaHUA Kow. Te3an MHCTPYMEHTU He
camo criomarat 3a 6bp3uA Tpuax Ha NaLueHTy,
HO 1 3a HaMasnABaHe Ha PabOTHOTO HaTOBapBaHe
Ha 34paBHMTe CNeynanmncT No Bpeme Ha naHge-
muATa. Li et al. paspabotsat DL mogen, KonTto
nocTura BUCOKa YyBCTBUTENHOCT (90%) 1 cnewu-
durUHOCT (96%) Npu pasrpaHnyaBaHe Ha COVID-
19 OT Apyrv BUAOBE MHEBMOHWA NPY KOMMOTbP-
Ha Tomorpadus [10]. Bai et al. gemoHcTpupar, ue
DL mopgen moxe aa nofobpu pabotaTa Ha pPeHT-
reHono3suTe Npu pasrpaHnyasaHe Ha COVID-19
oT He-COVID-19 nHeBmOHMA npu KT Ha rpbaeH
KOLU, KaTo NOCTUra TOYHOCT OT 87%, uyBCTBUTEN-
HOCT OoT 89% u cneunduuHocT oT 86% c AUC ot
0,90[11].

MpoyuBaHe oueHsBa ePeKTUBHOCTTA Ha
opobpeHna ot FDA MHCTPYMEHT 3a M3KYCTBeH
nHtenekt CINA-IiPE npu oTKprBaHe Ha ciyyaiiHa
6enogpobHa emb6onus (iPE) npy pyTUHHU KoM-
NIOTbPHY ToMorpadum Ha NauueHTU C Kapuu-
HOM. AHann3npankn 3 047 ckeHepa, Al BeMOHCT-
pupa BUCOKa YyBCTBUTENHOCT (97,3%) n cneyu-
dunyHocT (97,74%), naeHTUOMUNPANKN NOYTK
BCUYKN KNUHNYHO 3Hauumm iPE, KaTto no To3m Ha-
UMH ynecHsiBa Nno-6bp30To NocTaBAHE Ha Auar-
HO3aTa M HamasnsABa 3abaBAHETO Ha feyeHUeTo
[12].

Xapakmepu3upaHe Ha3abonsasaHemo,
onpedesiaHe Ha CMAduA U NPO2HOCMUYeH dHA/u3

Al noka3Ba 3HaunTeNIHU NepCcneKkTUBN 3a KO-
NNYeCTBEHO onpefensHe Ha TeXecTTa Ha Xpo-
HUYHU pecnrpaTopHu 3abonaaHus kato XObb
n 6enogpobHa dpnbpo3sa. TpaAULNOHHNTE MeTO-
OV 33 KOJIMYECTBEHO onpefesniAHe Ha TexecTTa
Ha 3a00/1ABaHETO Pa3umnTaT Ha PbYHU UK NOJY-
ABTOMATUYHN M3MepPBaHMWA, KOUTO MOraT Aa OT-
HemaT MHOIO BpeMe U fia ca 06eKT Ha Bapunabui-
HoCT mexay oueHuTenuTe. MoaxoauTe, 6asnpa-
HU Ha U3KYCTBEH WMHTENEKT, obaye morat fa
aBTOMaTM3KMpPaT Te3n NpoLecK C BUCOKa TOUHOCT
1 nocnegoBaTenHocT. [poyuBaHe Ha Humphries
et al. noka3Ba, ye KonMYecTBEHNTE NMoKasaTenu
Ha KT, KombuHupaHu ¢ Al anropuTmu, morat ga
nporHosnpat GpopcupaHma BUTaNeH KanauyuTert
1 AndY3NOHHMA KanauuTeT 3a BbINepofeH OK-
cngnpu IPF cBucokaTouHocT[13].

PaspaboTeHu ca DL mogenu 3a aHanus Ha CT
Ha rPbAHUA KOLW 1 3@ KOIMYeCTBEHa OLleHKa Ha
emduzema 1 iebenmHaTa Ha CTeHaTa Ha vxaTen-
HUTe NbTrwa npu nauyneHTn ¢ XOBb. MNpoyusaHe

The COVID-19 pandemic further accelerated
the adoption of Al in respiratory disease imaging.
Al models were rapidly developed to detect
COVID-19-related abnormalities, such as ground-
glass opacities and consolidations, on chest X-
rays and CT scans. These tools not only aided in
the rapid triage of patients but also helped
reduce the workload of healthcare professionals
during the pandemic. Li et al. developed a DL
model that achieved high sensitivity (90%) and
specificity (96%) in differentiating COVID-19 from
other types of pneumoniaon CT scans [10]. Bai et
al. demonstrated that a DL model could improve
radiologists' performance in distinguishing coro-
navirus disease 2019 pneumonia from non-coro-
navirus disease 2019 pneumonia at chest CT,
achieving an accuracy of 87%, a sensitivity of
89%, and a specificity of 86% with AUC of 0.90
[11].

A study evaluated the effectiveness of the
FDA-cleared Al tool CINA-IiPE in detecting
incidental pulmonary embolism (iPE) on routine
CT scans of cancer patients. Analyzing 3,047
scans, the Al demonstrated high sensitivity
(97.3%) and specificity (97.74%), identifying
nearly all clinically significant iPEs, thereby faci-
litating faster diagnoses and reducing treatment
delays[12].

Disease characterization,
staging and predictive analytics

Al has shown significant promise in quanti-
fying the severity of chronic respiratory diseases
like COPD and pulmonary fibrosis. Traditional
methods of quantifying disease severity rely on
manual or semi-automated measurements,
which can be time-consuming and subject to in-
ter-observer variability. Al-based approaches,
however, can automate these processes with
high accuracy and consistency. A study by
Humphries et al. showed that quantitative CT
metrics, combined with Al algorithms, could pre-
dict forced vital capacity and diffusing capacity
for carbon monoxide in IPF with high accuracy
[13].

DL models have been developed to analyze
chest CT scans and quantify emphysema and
airway wall thickness in COPD patients. A study
by Gonzalez et al. demonstrated that Al algo-



Ha Gonzalez et al. geMoHCTpUpa, Ye anropuTMm-
Te c Al moraT TOYHO fja CerMeHTMpPaT 1 KOIn4yecT-
BEHO Aa onpenenat eMpusema, ocurypaBankm
06eKTVBHY N3MepUTENN 3a TexkecTTa Ha 3abona-
BaHETO, KOUTO KOpenupart C KIMHUYHUTE pe3yr-
TaTu, KaTo Hanpumep eksauepbauyunte [14]. Mo
nopo6eH HauvH Al e NPMNOXeH 3a oLleHKa Ha be-
noppo6bHaTa $prbpo3a, KbAETO MOXKe aBTOMATUNY-
HO Aa OTKpMBa M KONMYyeCcTBEHO fda onpepgens
$1OPO3HN MoAeny Ha KOMMIOTbPHA TOMOrpa-
¢duA c BMCcoKa pasgenutenHa cnocobHoct (HRCT)
[15]. Ta3n cnocobHOCT e ocobeHO Mose3Ha 3a
HabnloAeHVe Ha NporpecnsTa Ha 3abonABaHeTo
M OLieHKa Ha TepaneBTUYHNA OTrOBOP.

Al MmOXe fa urpae peluaBallia pond npu onpe-
LenAaHeTo Ha cTagma Ha 6enofpobHMA Kapuu-
HoMm. TOYHOTO onpefenaHe Ha CTaauA e OT Cblue-
CTBEHO 3HauyeHue 3a n3bopa Ha nogxoaALn Te-
panuu, Kato onepaTvBHO JfleyeHne, nbyeTepa-
nua UM xummoTtepanua. Anroputmnte Ha Al mo-
raT fja aHanusupar fJaHHU OT n3obpaxKeHns, KaTo
Hanpumep KomniwTbpHa Tomorpadua, PET n
MRI, 3a ga onpegenAT xapakTepuUCTUKWUTE Ha
TYMOPAQ, 1a OLEHAT aHraXMpaHeTo Ha NMMHKTE
Bb3/M 1 1a OTKPUAT faneyHn metactasu. Ma et al.
OeMOHCTpMpaT, Ye cucTema, 6asmpaHa Ha Al,
noctura obewasaua edpektneHocT ot AUC 0,869
npyY NPOrHO3MpaHe Ha pa3npPoOCTPaHEeHMeTo
npes Bb3AywWHMTe npocTpaHcTBa (STAS) npwu
afleHoKapUMHOM Ha 6enusi gpob B | KnMHMYeH
CTaZniA, KaTo MO TO3U HAUUH npeanara nipopma-
LMA 3a HACOYBaHe Ha XMpPYypruyHaTa cTpateruam
ynecHsABa NiaHMPaHEeTo Ha afloBaHTHaTa Tepa-
nuA [16]. OcBeH TOBa N3KYCTBEHUAT MHTENEKT ce
M3Mon3Ba 3a MHTerprpaHe Ha JaHHUTe OT U306-
paXeHuATa C KNMHUYHA Y reHOMHa MHpopMaLmA
3a MPOrHO3MpaHe Ha pe3ynTaTuTe OT IeYeHeTo
N nepcoHanun3vpaHe Ha TepanuaTa. Hanpumep
Al mogenute morat ga ngeHtuduumpat pagmo-
MUYHW XapaKTepuCTUKK (KonuuectseHn 6uo-
MapKepy Ha U306parkeHnsITa), KOUTO Kopennpat
C arpecmBHOCTTa Ha TyMoOpa M OTrOBOpa KbM
cneunduyHmn neyenms [17]. Mo nogobeH HauuH
ca pa3paboTteHu Al mogeny 3a NPOrHo3npaHe Ha
edrKacHOCTTa Ha UMyHOTepanuaATa Ypes aHanu-
3MpaHe Ha TYMOpHUTe xapaktepuctukuy [18]. Te
JocTuraT 3Hauuma epeKTUBHOCT NpU ne3nnTe Ha
NSCLC (go 0,83 AUC, P <0,001). KombuHmpaiku
Te3n NPOrHo3u 3a uanarta nesusa Ha HMBO Nnauu-
€HT, OTTOBOPBT KbM MMyHOTepanua Mmoxe fia 6b-
e nporHosupaH c AUC o 0,76 (P <0,001), koeTo
BOAW JO pa3fnKa B ef4HOroAuLIHaTa NpexKnsse-
MOCT 0T 24% (P=0,02).

Al cbwo Taka nognomara niaaHUpPaHeTo Ha
NeyeHneTo, KaTo AaBa Bb3MOXHOCT 3a NpeLn3Ho
oyepTaBaHe Ha rpaHULUTe Ha Tymopa 1 KpUTKY-
HUTe CTPYKTYypu npu nbuetepanua [19]. Mpn
MeamaHa oT 20 min 3a PbYyHO KOHTYpUpaHe,
oblata mMeraHa Ha cnecteHoTo Bpeme e 7,8
MWH NpW 13Mos3BaHe Ha KOHTypupaHe, 6asunpa-
HO Ha aTnac, 1 10 M1H 3a KOHTYpupaHe, 6basnpa-
Ho Ha deep learning. Ta3n Bb3MOXXHOCT oCcMryps-

rithms could accurately segment and quantify
emphysema, providing objective measures of di-
sease severity that correlate with clinical outco-
mes such as exacerbations [14]. Similarly, Al has
been applied to assess pulmonary fibrosis, whe-
re it can automatically detect and quantify fib-
rotic patterns on high-resolution CT (HRCT)
scans [15].This capability is particularly useful for
monitoring disease progression and evaluating
treatmentresponse.

Al could play a critical role in the staging of
lung cancer. Accurate staging is essential for
selecting appropriate therapies, such as surgery,
radiation, or chemotherapy. Al algorithms can
analyzeimaging data, suchas CT, PET,and MRI, to
identify tumor characteristics, assess lymph no-
de involvement, and detect distant metastases.
Ma et al. demonstrated that an Al-based system
achieved a promising performance of AUC 0.869
in predicting spread through air spaces (STAS) in
clinical stage | lung adenocarcinoma, thereby
offering information in directing surgical stra-
tegy and facilitating adjuvant therapeutic sche-
duling [16]. Additionally, Al has been used to in-
tegrate imaging data with clinical and genomic
information to predict treatment outcomes and
personalize therapy. For instance, Al models can
identify radiomic features (quantitative imaging
biomarkers) that correlate with tumor aggres-
siveness and response to specific treatments
[17].Similarly, Almodels have been developed to
predict the efficacy of immunotherapy by ana-
lyzing tumor characteristics [18]. They reached
significant performance on NSCLC lesions (up to
0.83 AUC, P <0.001). Combining these lesion-
wide predictions on a patient level,immunothe-
rapy response could be predicted with an AUC of
upto0.76 (P <0.001), resultingina 1-year survival
difference of 24% (P =0.02).

Al also supports treatment planning by ena-
bling precise delineation of tumor boundaries
and critical structures in radiation therapy [19].
With a median time of 20 min for manual con-
touring, the total median time saved is 7.8 min
when using atlas-based contouring and 10 min
for deep learning contouring. This capability en-
sures optimal targeting of tumors while mini-
mizing damage to surrounding healthy tissue.
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Ba ONTMMAaJIHO TapreTMpaHe Ha TyMopuTe, KaTo
CbLUEBPEMEHHO CBEXAA A0 MUHVMYM YBPEX-
[laHeTO Ha OKOJHaTa 3paBa TbKaH.

[ModobpssaHe Ha uzobpaxxkeHuaMa
U peKoHCcmpyKkuyus

MeanumHCKUTe N306paXkeHsl, KaTo Hanpu-
Mep peHTreHorpadunTe Ha rPbAHNA KOL Y KOM-
nioTbpHaTa Tomorpadusa, 4ecTo ca CbnpoBofe-
HU OT WyM, apTedakT U HUCKA pa3fenuTenHa
CNOCOGHOCT, KOETO MOXe fa MOoMpeynt Ha Tou-
HaTa nHTepnpeTauus. PaspaboTeHu ca anroput-
MW C U3KYCTBEH UHTENIeKT, 0CO6EHO TaKuBa, Ha-
3mpaHn Ha DL, 3a nogobpsiBaHe Ha KayecTBOTO
Ha 13006pa)xeHNATa Ype3 HamanABaHe Ha Wyma 1
nofobpsABaHe Ha ACHOTaTa. Te3n anropuTMm Mo-
raT ja ce HayJaT [la NpaBAT pa3fivika Mexay Cur-
Has 1 WyM, KaTo PEKOHCTPYMpPaT BUCOKOKaYeCT-
BEHV N306paXKeHUst OT HEONTUMATTHU AAHHN.

DL mopenuTte moraT ga ce npunarat 3a npe-
MaxBaHe Ha LyM OT peHTreHorpadum Ha rpba-
HUS KOLU, KaTo Nogo6psABaT BUAMMOCTTA Ha GUHN
aHoManuu, KaTo Hanpumep 6enogpobHU Hogynn
W paHHU Npr3Haum Ha nHeBmoHus. Chen et al.
[eMOHCTPMPAT, Ye anropuTbm 3a NpemaxsaHe Ha
wym, 6a3vpaH Ha DL, MoXe 3Haummo Aa nopobpu
KauecTBOTO Ha peHTreHorpadumTe Ha rpbaHUA
KOLL C HMCKA 4033, KaTO CbLUEeBPEMEHHO 3arnasu
AVarHocTnyHaTta ToyHocT [20].

Mo nopo6eH HaunH Al ce 13Mos3Ba 3a HaMa-
nABaHe Ha WyMa Npu KOMMITbpHa ToMorpadus,
0CO6EHO MNPV HCKOA030BM MPOTOKONN, KbIETO
HMBATa Ha LIYM Ca NMPUCHLLO MO-BUCOKW. KaTto
nofobpsABaT KauecTBOTO Ha M300pakeHMeTo,
Te3n anroputMM [aBaT Bb3MOXHOCT Ha pPeHT-
reHos1031Te ja MOCTaBAT NO-yBEePEHU ANarHo3wy,
KaTo CblieBpeMeHHO cBeXxAaT A0 MUHUMYM
puvCKa OT norpeluHa nHtepnpetaums [21]. Pagna-
LIMOHHOTO 0ObUBaHE € Cepno3eH npobnem npu
MeAULNHCKNTE n306paxkeHuns, ocobeHo npu
MaumeHTn, KOUTO Ce HyXAasT OT NOBTapPsALLM Ce
KOMMIOTBbPHM TOMOrpadurm, KaTo Hanprumep Tesun
C XPOHWYHM pecnupaTopHu 3abonsaBaHua 1nm
6enoppobeH KapumHOM. 3a HamanABaHe Ha Jib-
yeBaTa eKCno3muma ca paspaboTeHn NPOTOKONU
33 KOMMIOTbPHa ToMorpadus ¢ HUCKU Jo3u
(LDCT), HO Te yecTo BOAAT OO MO-LWYMHU MN30-
OparkeHVA C HAMANEHO AMArHOCTMYHO KayecTBo.
MN3KyCcTBEHMAT UHTENEKT € MOLWEH UHCTPYMEHT
33 PEKOHCTPYKLUMA Ha BMCOKOKAYECTBEHUN N30-
6pakeHna OT JaHHU OT HUCKOA030Ba KOMMO-
TbpHa Tomorpadua. ANropuTtMnUTE 3a PEKOH-
CTpyKUus, 6a3upann Ha DL, noka3Beart 3abenexu-
TeneH ycnex B Ta3u obnacrt. Tean anroputmu mo-
raT fia 6baat o0yyeHu aa CbNoCTaBAT M300paxe-
HMATa OT HUCKOA030Ba KOMMIOTbPHa TOMOrpa-
drA C TEXHUTE BMCOKOAO30BM aHanosu, Kato
epeKTMBHO "3anmbnBat" NMNCBalmTe AeTannm u
HamanaBart wyma. Kang et al. gemoHcTpupar, ue
DL mopen moxe fa pekOHCTpyMpa BUCOKOKa-
yectBeHN CT M306paxeHna OT JaHHU C HUCKK
[031, NOCTUralkn ANarHOCTMYHa ePpeKTUBHOCT,

Image enhancement
andreconstruction

Medical images, such as chest X-rays and CT
scans, are often affected by noise, artifacts, and
low resolution, which can hinder accurate inter-
pretation. Alalgorithms, particularly those based
on DL, have been developed to enhance image
quality by reducing noise and improving clarity.
These algorithms can learn to distinguish bet-
ween signal and noise, reconstructing high-qua-
lityimages from suboptimal data.

DL models have been applied to denoise
chest X-rays, enhancing the visibility of subtle
abnormalities such as lung nodules or early signs
of pneumonia. Chen et al. demonstrated that a
DL-based denoising algorithm could significant-
ly improve the quality of low-dose chest X-rays
while preserving diagnosticaccuracy [20].

Similarly, Al has been used to reduce noise in
CT scans, particularly in low-dose imaging pro-
tocols, where noise levels are inherently higher.
By enhancing image quality, these algorithms
enable radiologists to make more confident di-
agnoses while minimizing the risk of misinter-
pretation [21]. Radiation exposure is a significant
concern in medical imaging, particularly for pati-
ents requiring repeated CT scans, such as those
with chronic respiratory diseases or lung cancer.
Low-dose CT (LDCT) protocols have been deve-
loped to reduce radiation exposure, but they of-
ten result in noisier images with reduced diag-
nostic quality. Al has emerged as a powerful tool
forreconstructing high-quality images from low-
dose CT data. DL-based reconstruction algo-
rithms have shown remarkable success in this
area. These algorithms can learn to map low-
dose CT images to their high-dose counterparts,
effectively "filling in" missing details and redu-
cing noise. Kang et al. demonstrated that a DL
model could reconstruct high-quality CT images
from low-dose data, achieving diagnostic perfor-
mance comparable to standard-dose CT while
significantly reducing radiation exposure [22].



cpaBHMMa C Ta3u Ha CT CbC CTaHZapTHY [03M,
KaTo CbleBpPeMeHHO 3HaUMO HaMansABa pagua-
LMOHHATa eKcno3unums [22].

NHcTpymeHTn KaTto PIXELSHINE Hamanssat
Wwyma Ha Huckogososute KT, KaTo ocurypsasaT
BMICOKOKaUeCTBEHM N306parkeHNs Ha LieHaTa Ha
HUCKO 06/bYBaHe HA MaLUEHTUTE, MOAXOASLM
3a CKPUHWHIOBW Nporpamu [23].

TexHUKUTe 3a PeKOHCTPYKLUUA, yNpaBiABaHN
OT U3KYCTBEH MHTENIEKT, CbLLO Ce CNpaBAT C npe-
LV3BUKaTENCTBa KaTo ABUratenHu aptedaktu u
HenmbAHU AaHHW. Hanpumep anroputmunTe C 13-
KYCTBEH MHTENEKT MOraT fla Kopurupart guxaten-
HUTe ABWKeHUA Npu KT Ha rpbeH KoL, KaTo no-
[0b6pABaT ACHOTaTa Ha M3006pPaXeHNETO 1 HaMa-
nABaT HeobXoAMMOCTTa OT MOBTOPHMW CKaHupa-
HuA. OcBeH ToBa Al ce 13nN0N3Ba 3a PEKOHCTPY-
npaHe Ha 1300paxeHNa OT NO-MaJIKo AeTalsiHu
UM HeJoCTaTbYyHO NPeACTaBEHUN AaHHU, Hanpw-
Mep npu yntpaHnckogososu KT nnun AMP, KoeTto
OOMbHUTENHO Pa3luMpsABa Bb3MOXKHOCTUTE 3a
6e30nacHo 1 ebeKTNBHO N306passiBaHe [24].

Onmumu3sayus Ha pabomHus npoyec

HapacTtBaliata He06X04MMOCT OT pa3unTaHe
Ha MeAULMHCKM N306parkeHuns, CbYeTaHo C He-
[OCTWra Ha PEHTIeHONO3M B CBETOBEH Malyab,
OKa3Ba OrPOMEeH HaTWCK BbpXy cUCTeMuTe 3a
3apaBeona3BaHe. VIHCTpyMeHTHTe 3a ONTUMMN3U-
paHe Ha paboTHUA npouec, ynpaBnsBaHU OT
N3KYCTBEH VHTENEKT, Ce CNPaBAT C TOBa Npeauns-
BMKATENCTBO, KaTo pauMoHanm3uparT npouecmTe
1 HaMansaBaT paboTHOTO HaTOBapBaHe Ha PEeHT-
reHono3ute. Ypes aBTomaTm3MpaHe Ha Py TUHHK-
Te 3afaum Al no3BonaBa Ha peHTreHono3nTe aa
Ce CbCpefoToUaT BbPXY CJIOXKHUTE CllyYam U rpu-
XKUTe 3a NaLMEHTHTE, KaTo NOJ06PABa LANOCTHA-
Ta epeKTUBHOCT.

Al urpae peluaBalla pons B aBToOMaTM3aLms-
Ta Ha reHeprpaHeTo Ha AOKNaau - 3ajaya, KOATo
TPagULMOHHO M3UCKBA 3HAUYUTESIHO Bpeme 1
ycunua. AnroputmmTe 3a obpaboTka Ha ecTecT-
BeH e3uK (NLP) moraTt ga aHanmsupat pesyntatu-
Te OT U300paKeHVATa N la FTeHepupPaT CTPYKTY-
pupaHu, CTaHAapTM3npaHy AOKIaan, KaTo Hama-
nABaT TEXeCTTa BbpPXy peHTreHono3mTe. Paspa-
60TEeHN ca CUCTEMU C W3KYCTBEH WHTENEeKT 3a
ABTOMATUYHO reHepUpaHe Ha PEHTFEHONIOMNYHN
[JOKnaan 3a peHTreHorpadumm Ha rpbieH Koul,
BKJTIOUBALLM KJTIOYOBU pe3ynTaTv 1 NPenopbKu.
Te3n cuctemn He camo cnecTsABaT Bpeme, HO 1
nopgobpABaT CbrnacyBaHOCTTa Ha AOKNaguTe U
HaManABaT pMCKa OT rpeLku [25].

Al moXke fa Tpuaxxnpa obpasHuTe 13cnenBa-
HMA Bb3 OCHOBA Ha CNELIHOCTTa, KaTo MapKmpa
cnyyanTe C KPUTUYHU HAXOAKW 3a He3abaBeH
npernes. Ta3y Bb3MOXKHOCT € 0COOEHO LieHHa B
YC/IOBUATA Ha CMELWHOCT, KbeTO HaBpeMeHHaTa
[rarHo3a e oT CbLyecTBeHO 3HayeHue. [poyuBa-
He Ha Prevedello et al. gemoHcTpUpa, Ye cnuctema
3a copTupaHe, 6asrpaHa Ha Al, Moxke ga npropu-
TU3NPa KPUTUYHMTE HAXOAKN MPY KOMMIOTbpPHA
Tomorpadus, HamanAaBamKkn BpemMeTo 3a MocCTa-

Tools like PIXELSHINE reduce noise in low-
dose CT scans, providing high-quality images at
the cost of low patient radiation exposure, sui-
tableforscreening programs [23].

Al-driven reconstruction techniques also ad-
dress challenges such as motion artifacts and
incomplete data. For example, Al algorithms can
correct for respiratory motion in chest CT scans,
improving image clarity and reducing the need
for repeat scans. Additionally, Al has been used
to reconstruct images from sparse or under-
sampled data, such as in ultra-low-dose CT or
MRI, further expanding the possibilities for safe
and effective imaging [24].

Workflow Optimization

The increasing demand for imaging services,
coupled with a global shortage of radiologists,
has placed immense pressure on healthcare sys-
tems. Al-driven workflow optimization tools ad-
dress this challenge by streamlining processes
and reducing radiologist workload. By automa-
ting routine tasks, Al allows radiologists to focus
on complex cases and patient care, improving
overall efficiency.

Al plays a crucial role in automating report
generation, a task that traditionally requires
significant time and effort. Natural language
processing (NLP) algorithms can analyze ima-
ging findings and generate structured, standar-
dized reports, reducing the burden on radiolo-
gists. Al systems have been developed to auto-
matically generate radiology reports for chest X-
rays, incorporating key findings and recommen-
dations. These systems not only save time but
also improve report consistency and reduce the
risk of errors [25].

Al can triage imaging studies based on ur-
gency, flagging cases with critical findings forim-
mediate review. This capability is particularly
valuable in emergency settings, where timely
diagnosis is essential. A study by Prevedello et al.
demonstrated that an Al-based triage system
could prioritize critical findings on CT, reducing
the time to diagnosis and improving patient
outcomes[26].
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BAHE Ha ArarHo3a 1 NofobpaBaliky pe3ynTtatute
3anauneHTuTe [26].

Al cblio Taka noBuwaBa ePeKTUBHOCTTA, Ka-
TO ce MHTerprpa 6e3npobnemMHo B CbllecTByBa-
Wwute paboTHM notoun. Hanpumep MHCTPYMeEH-
TnTe Ha Al MmoraT fa 6bAaT BrpafeHu B cucTemuTe
3a apxvBMpaHe Ha obpa3n 1 KoMyHMKauua
(PACS), KoeTo No3BONsABa Ha peHTreHono3uTe Aa
MMaT JoCTbn A0 reHepupaHn ot Al goknagu
IVPEKTHO B pamKu1Te Ha paboTHUA npouec. Tasun
WHTerpaums ceexga 4o MUHUMYM Hey06CTBOTO
N rapaHTuipa, Yye Al gonbnBa, a He 3amMecTBa
eKCnepTHUA ONUT Ha peHTreHonora [27].

MpeansBuKaTencTBa  orpaHnYeHns

Bbnpeku ye Al Moxe fa foBefe A0 OFPOMHM
npomeHn B obpasHaTta AMAarHOCTMKA Ha pecnu-
paTopHUTE 3a60MABAHUS, LUIMPOKOTO My MPUIIO-
YKEHMe e CBbP3aHO C HAKOJIKO Npean3BuKaTen-
CTBa W orpaHuyeHus. Tesm npeuykn obxBalaT
TEXHWNYECKU, ETUYHU, PEerynaTopHU U MpakTu-
yeckmn 0651acTh 1 NPeofoNABAHETO M € OT pe-
LIaBALLO 3HAUYEHNe 3a peanM3npaHeTo Ha Mbi-
HUA NoTeHUman Ha Al B KNMHUYHATa NpaKTMKa.

PaspaboTBaHeTo Ha HagexaHu Al mopenu
pa3unTa Oo rosisiMa CTereH Ha rofieMu, BUCOKO-
KauecTBeHU 1 Jobpe aHOTMpaHW Habopu oT
ZaHHW. Tak1Ba Habopw OT flaHHK obaye YyecTo ca
B HeOOCTUI B 06/1acTTa Ha obpas3HaTa MeanumHa
nopagu CoXKHOCTTA U pa3xoauTe 3a cbbrpaHe-
TO U @aHOTMPAHETO UM. AHOTUPAHETO Ha Meau-
LNHCKN 1300paXkeHnA U3NCKBaA eKCnepTHU Mo-
3HaHWA OT PEHTTEHOJI03U, KOETO OTHEMA BPEME U
e Tpypoemko. Hanpumep cb3gaBaHeTo Ha Habop
OT JaHHU 3a OTKpMBaHe Ha 6e10apPobHM HoayNn
npu KOMMIOTbpPHa Tomorpadusa BKIOYBa Mnpe-
LM3HO MapKupaHe Ha HoZynuTe, KOUTO MoraT Aa
BapupaT 3HAUNTESTHO Mo pasmep, GopmMa 1 BbH-
weH Bug [4]. JluncaTa Ha CTaHZapPTU3UPaHM Npo-
TOKOJIN 33 aHOTMPaHe e AOMb/IHUTENHO 3aTpya-
HeHWe, KOeTo BOAM A0 HECHOTBETCTBUSA B HabO-
puTe OT AaHHW.

“MpeTpeHnpaxe” (overfitting) ce nonyyasa,
korato Al mopenbT ce npepacTasa gobpe Bbpxy
JaHHUTe 3a 0byuyeHue, HO He ycrsiBa Aa 0606w
HOBM, HEMO3HaTV AaHHWU. To3n npobnem e oco-
6eHO aKTyaneH B MeANLMHCKNTE N306parkeHus,
KbleTo Habopute OT JaHHU YeCTO ca MaNku ”
pa3sHopoaHu. [pyr npobnem e ycToMunmBoCTTa,
TbIA KAaTO MOJENNTE C U3KYCTBEH MHTENEKT MOraT
Za 6baaT yyBCTBUTENHN KbM BapyaLMm B KauecT-
BOTO Ha U300pa’KeHMETO, NapaMeTpuTe Ha NpU-
fobuvBaHe n apTedakTuTe. Hanpumep mopgen,
0obyyeH Ha KOMMTbpPHA ToMmorpaduma ¢ BUCOKA
pe3onouyrsa, MoXe Aa MMa npobnemun ¢ HUCKO-
[1030BU n306paxeHna unm ¢ wym. OcurypnBsa-
HETO Ha YCTOMUYUBOCT 1 Bb3MOXHOCT 3a reHepa-
Nn3rpaHe Ha MoJenuTe C U3KYCTBEH VHTENEKT e
OT CbLUECTBEHO 3HAYeHWe 3a HaOeXAHOTO UM
BHeApsABaHe B KIMHMYHATA npaktuka [28]. Oc-
BEH TOBa HeJOCTAaTbYyHO MpefCcTaBeHMTe Momny-
nauuuy, KaTto Hanpumep Tesu ¢ peaku 3abonssa-

Al also enhances efficiency by integrating
seamlessly into existing workflows. For instance,
Al tools can be embedded into picture archiving
and communication systems (PACS), allowing
radiologists to access Al-generated insights
directly within their workflow. This integration
minimizes disruption and ensures that Al comp-
lements, rather than replaces, the radiologist's
expertise[27].

Challenges and Limitations

While Al holds immense promise for transfor-
ming respiratory disease imaging, its widespre-
ad adoption faces several challenges and limita-
tions.These hurdles span technical, ethical, regu-
latory, and practical domains, and addressing
them is critical to realizing the full potential of Al
in clinical practice.

The development of robust Al models relies
heavily on large, high-quality, and well-annota-
ted datasets. However, such datasets are often
scarce in medical imaging due to the complexity
and cost of data collection and annotation. An-
notating medical images requires expertise from
radiologists, which is time-consuming and labor-
intensive. For example, creating a dataset for
lung nodule detection on CT scans involves pre-
cise labeling of nodules, which can vary signifi-
cantly in size, shape, and appearance [4]. The lack
of standardized annotation protocols further
exacerbates this challenge, leading to inconsis-
tenciesacross datasets.

Overfitting occurs when an Al model per-
forms well on training data but fails to generalize
to new, unseen data. This issue is particularly
relevant in medical imaging, where datasets are
often small and heterogeneous. Robustness is
another concern, as Al models may be sensitive
to variations in image quality, acquisition para-
meters, and artifacts. For example, a model trai-
ned on high-resolution CT scans may struggle
with low-dose or noisy images. Ensuring the
robustness and generalizability of Al models is
essential for their reliable deployment in clinical
practice [28]. Additionally, underrepresented
populations, such as those with rare diseases or
specific genetic backgrounds, may not be ade-
quately represented in training datasets, leading
to biased or suboptimal performance.



HMA unu cneynduUeH reHeTUYEH MPOU3XOL,
MOXe fla He Ca ajeKBaTHO MpeACTaBeHU B
HabopurTe OT AaHHK 3a 0by4yeHune, KOeTo fa fo-
Befie 10 HeOOEKTUBHM UM HEONTUMASTHU pe3yi-
TaTu.

EnHO OT Hal-3HaUMMUTE TEXHWUYECKM npe-
OV3BUKaTENCTBa B obnacTTa Ha Al e "uepHarta Ky-
A" Ha MHOTrO Mogenu 3a deep learning. Makap
ye Te3U MoAenNn MoraT fja NoOCTUIrHAT BMCOKa TOY-
HOCT, TEXHUTE NPOLECU Ha B3EMAHEe Ha peLleHns
YecTo ca Henpo3payHu, KOeTo 3aTPyAHABA Ku-
HAUMCTUTE Aa pa3bepaTt M Ja ce AOBEPAT Ha
pe3yntatute. O6ACHMMOCTTa € 0COHeHO BarkHa B
o6nacTTa Ha MepMLMHCKMTE N306paxKeHns, Kb-
[eTO KNMHMLMCTUTE TpsAOBa Aa 060CHOBAT Auar-
HOCTUYHUTE N TepaneBTUUYHUTE CU PeLleHUs.
YcnnunaTa 3a pa3paboTBaHe Ha 06sicHMYK Al Mo-
[enu, Kato KapTu Ha BHUMAHWETO W BU3yanu-
3auUuun, NPOABIKABAT, HO OCTaBaT 0611acT Ha akK-
TUBHW U3cneaBaHus [29].

YnotpebaTa Ha M3KYCTBEH MHTENEKT 3a Meau-
LUMHCKU M300pakeHns nopakaa 3HauyuTesHn
€TMYHM OrnaceHuna, 0CO6EeHO Mo OTHOLUEHME Ha
HEerNnprYKOCHOBEHOCTTA Ha JINYHUA XKUBOT Ha Na-
LUMEeHTUTE U CUFYPHOCTTa Ha faHHuTe. Obyye-
HueTo Ha Al mogenu n3nckBa 4OCTbM 4O rofiemu
KONMYecTBa fJaHHW 3a MauUWEHTU, KOUTO YecTo
BK/IOUBAT YyBCTBUTENHa nHbopmauma. Ocury-
PSIBAaHETO Ha CbOTBETCTBME C pa3nopenouTe 3a
3allMTa Ha JlaHHWTe, KaTo Hanpumep O6wus per-
JTaMeHT 3a 3almTa Ha aaHHuTe (GDPR) 1 3akoHa
3a NPEHOCMMOCT M OTYETHOCT Ha 3PaBHOTO OCU-
rypasaHe (HIPAA), e oT peluaBallo 3HayeHue. 3a
[la ce OTrOBOPU Ha Te3M OnaceHus, ce Npoyysat
TEXHUKU KaTo 06enHeHO 0byuyeHre, KOeTo No3-
BONIAIBA MOAeNVTe Aa ce obyyaBaT B AeLieHTpa-
N3npaHn Habopw OT faHHK, 6e3 aa ce cnogenaTt
NbpBMYHUTE faHHK [30].

PerynatopHata cpega 3a Al B 3gpaBeonas-
BaHETO BCe OLje Ce pa3BrBa 1 NoslyYyaBaHETo Ha
ofo6peHMe 3a MeAVLMHCKN n3aenus, 6asnpaHi
Ha Al, Mmoxe pga 6bhe npeansBMKaTencTeo. Pe-
rynaTopHuTe areHuuu, Kato Hanpumep Amepu-
KaHCKaTa agMUHUCTPAaLMA MO XpaHWTe 1 neKkap-
ctBaTta (FDA), nsuckeaT CTPUKTHO BanuvgupaHe
Ha MHCTPyMeHTUTe Ha Al, 3a la ce rapaHTMpa TAX-
HaTa 6e3omnacHOCT n epukacHocT. To3n npouec
BKJIIOYUBa AOKa3BaHe Ha ePpeKTUBHOCTTA B pas-
JINYHN HabopW OT AaHHW U KIUHUYHW YCIIOBUS,
KOeTo MoKe fla oTHeMe MHOro pecypcu. OcBeH
TOBa ANHAMUYHUAT XapaKkTep Ha mogenuTte Ha Al,
KOWUTO MOraT Aja Ce aKTyanm3npar 4ecTo, MoCcTaBA
HOBW perynaTtopHu npegussrkatencraa[31].

Bbnpeku noTeHUManHWTe Non3u OoT U3KYCT-
BEHUWA WHTENEKT, CbNpPOTUBaTa Ha 34paBHUTE
crneuvanncT cpewy nprvieMaHeTo My OcCTaBa
3HauuTenHa npeuka. PeHTreHonosnte n apyru
nekapy morat fa 6bhaT CKEeNTMYHO HACTPOEH!
KbM Al MIHCTPYMEHTNTE, 0COBEHO aKO i Bb3npu-
emarT KaTo 3an/iaxa 3a TEXHWUS ONUT UM aBTOHOM-
HOCT. M3rpaxgaHeTo Ha foBepue B Al u3nckea aa
Cce LeMOHCTpupa HeroBaTa CTOMHOCT upes

One of the most significant technical challen-
ges in Al is the "black box" nature of many deep
learning models. While these models can achi-
eve high accuracy, their decision-making proces-
ses are often opaque, making it difficult for
clinicians to understand and trust their outputs.
Explainability is particularly important in medi-
calimaging, where clinicians need to justify diag-
nostic and treatment decisions. Efforts to deve-
lop interpretable Al models, such as attention
maps and saliency visualizations, are ongoing
but remain an area of active research [29].

The use of Al in medical imaging raises sig-
nificant ethical concerns, particularly regarding
patient privacy and data security. Training Al
models requires access to large amounts of pa-
tient data, which often includes sensitive infor-
mation. Ensuring compliance with data protec-
tion regulations, such as the General Data Pro-
tection Regulation (GDPR) and the Health Insu-
rance Portability and Accountability Act (HIPAA),
is critical. Techniques such as federated learning,
which allows models to be trained across decen-
tralized datasets without sharing raw data, are
being explored to address these concerns[30].

The regulatory landscape for Al in healthcare
is still evolving, and obtaining approval for Al-
based medical devices can be challenging. Regu-
latory agencies, such as the U.S. Food and Drug
Administration (FDA), require rigorous validati-
on of Al tools to ensure their safety and efficacy.
This process involves demonstrating performan-
ce across diverse datasets and clinical settings,
which can be resource-intensive. Additionally,
the dynamic nature of Al models, which may be
updated frequently, poses unique regulatory
challenges[31].

Despite the potential benefits of Al, resistan-
ce to adoption among healthcare professionals
remains a significant barrier. Radiologists and
other clinicians may be skeptical of Al tools, par-
ticularly if they perceive them as a threat to their
expertise or autonomy. Building trust in Al re-
quires demonstrating its value through rigorous
validation, transparent communication, and
user-friendly interfaces. Education and training
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CTPUKTHO BanuaupaHe, npo3payHa KOMyHU-
Kauma n ygo6HM 3a nonsBaHe UHTepodelicy.
O6pa3oBaHNETO 1 OOYYEHMETO CHLLO Ca OT Cb-
LLeCTBEHO 3HaueHwe, 3a ja ce NOMOrHe Ha Knu-
HUUUCTUTE Aa pa3bepaT U ePpeKTMBHO Oa W3-
non3sat Al MHcTpymeHTUTE [32].

3a pa moxe Al fa 6bae WYPOKO NpUET, Tol
TpsAbBa Aa ce HTerpupa 6e3npobsemMHo B Cblue-
CTBYBaLLUTE KNMHUYHKU paboTHM npouecn. ToBa
n3nckBa cbBmectumocT ¢ PACS, enekTpoOHHM
3apaBHu focueta (EHR) n gpyra UT nHdpactpyk-
Typa B 3apaBeorna3BaHeTo. PazpaboTBaHeTo Ha
onepaTViBHO CbBMECTVMMU U NIeCHY 3a M3MoN3Ba-
He pelueHuMsA 3a Al e OT peluaBallo 3HaueHe 3a
rapaHTMpaHe Ha YCMeLwHOTO UM BHefpsBaHe B
peanHu KNIMHNYHN ycnoBua [27].

3aknioueHve

NHTerpmpaHeTo Ha N3KYCTBEHUA NHTENEKT B
obpasHaTa AMarHocTMKa npu pecnupaTopHuTe
3ab0/1ABaHMA NpefcTaBasaBa TpaHchopMmpalLly
HanpedbK C MOTeHLMan 3a 3HauyMMo nogobpsa-
BaHE Ha AMArHOCTMYHATa TOYHOCT, ePEKTUBHOCT
1 pe3ynTaTy 3a naumeHtute. MpunoxeHnaTa Ha
Al obxBallaT Lenva CnekTbp Ha pecnupaTop-
HUTE FPUXKU — OT PAHHOTO OTKPUBAHE Ha 3abonsa-
BaHETO 1 NPeLM3HOTO My XapaKTepusrpaHe Lo
MPOrHOCTUYHMA aHANU3 1 ONTUMMU3ALKATA Ha
paboTHMA npoLec.

are also essential to help clinicians understand
and effectively use Al tools [32].

For Al to be widely adopted, it must integrate
seamlessly into existing clinical workflows. This
requires compatibility with PACS, electronic
health records (EHRs), and other healthcare IT
infrastructure. Developing interoperable and
user-friendly Al solutions is critical to ensuring
their successful deploymentin real-world clinical
settings[27].

Conclusion

The integration of Al into respiratory disease
imaging represents a transformative advance-
ment with the potential to significantly enhance
diagnostic accuracy, efficiency, and patient out-
comes. Al applications span the full spectrum of
respiratory care, from early disease detection
and precise characterization to predictive ana-
lytics and workflow optimization.
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CNYYAN HA UHTPANIOBAPHA
bEJIOIPOBHA CEKBECTPALIWA,
UMWUTWUPALLIA TJIEBPANER EMITUEM

A. CemKoB

OtpeneHwve no rpbaHa xupyprua, YMBATT "CeeTu ViBaH Punckn”
MepnumHckn yHusepcutet Codusa, Codus, bbarapua

Peslome

BbenogpobHaTa cekBecTpauus e psaaKo BpoaeHo 3abonsaBaHe, KOeTo ce n3passBa B Manpopma-
uusa Ha 6enofpobHaTa TbKaH c 0bpa3yBaHe Ha cerMeHT 6e3 Bpb3Ka C OpOHXMATHOTO AbPBO.

Hal-uecTTe KNUHUYHKU NPOSABU Ca peuuavBupalla pecnMpatopHa NHGeKLus, XeMonTun3a 1
6onKa BrbpaunTe.

CnyyanT e Ha 35-roguLHa NaumneHTKa C rpbaHa 6onka, TemnepaTypa v rHOMHa eKcrneKTopaLus.

MbpBMYHaTa AMarHo3a Npu KOMMTbpHa Tomorpadua v ynTpasByK Ha rPbAHUA Kow e
LMNeBpasneH emnuem’, NOTBbPAEH Ypes nyieBpasiHa NyHKUUA N acnmpauma Ha rHom.

M3BbpLlUM ce onepaTUBHO NeyeHne ypes AsiCHa 3afHOCTPAHMYHA TOPAKOTOMMS, KaTo Npu
WHTpaonepaTMBHaTa ekcryiopauusa Gewe OTKPUT abepaHTeH CbA, MpPousnM3aly OT AecLeHAeHTHaTa
aopTa.Bb3 ocHOBaHaTa3n HaxodKa ce npue anarHosaTta 6enoapobHa cekBecTpauus.

KntouoBu gymum: 6enoapobHa cekBecTpauus, abepaHTeH Cba, To6eKTomus



A CASE OF INTRALOBAR
PULMONARY SEQUESTRATION
MIMICKING PLEURAL EMPYEMA

A. Semkov

Thoracic Surgery Department, UMHAT “St. Ivan Rilski”
Medical University Sofia, Sofia, Bulgaria

Abstract

Pulmonary sequestration is a rare congenital condition characterized by a malformation of lung
tissue forming a segment thatlacks communication with the bronchial tree.

The most common clinical manifestations include recurrent respiratory infections, hemoptysis,
and chest pain. We present the case of a 35-year-old female patient admitted with complaints of chest
pain, fever, and purulent sputum. The initial diagnosis, based on computed tomography and chest
ultrasound, was pleural empyema, confirmed by pleural puncture and aspiration of purulent content.

Emergency surgical treatment was performed via a right posterolateral thoracotomy.
Intraoperative exploration revealed an aberrant blood vessel originating from the descending aorta.
Based on this finding, a definitive diagnosis of pulmonary sequestration was established. A lobectomy
was performed.

Keywords: pulmonary sequestration, aberrant vessel, lobectomy
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BbBepgeHmne

benopgpobHaTa cekBecTpauus e BpofeHa
aHomanua, npefcraBnABalia cermeHT Geno-
LpO6Ha TbKaH, KOATO HAMa BPb3Ka C OpoHxuan-
HOTO AbPBO UK benoapobHUTe apTeprn. ToBa e
pe3ynTat oT 6pPoHXOMNyNMOHaNHa Mandopma-
ums.

BbenopgpobHaTa cekBecTpaLusa ce pa3fens Ha
[iBa BUJa B 3aBUCUMOCT OT MJIEBPASTHOTO NOKPU-
Tne. EkcTpanobapHute 6enofgpobHn cekeecT-
pauun ca 6enofpobHN MAPEHXUMHU Macu C
nneBpasiHO NOKPUTME 1 MbJIHO aHATOMUYHO OT-
fensHe oT HopmanHua 6enoapobeH NapeHxXnM.

3a pasnuvKa oT TAX, MHTpanobapHUTe ca pas-
MOMOXeHN BbB BbTPELIHOCTTa Ha HOpMasHata
6enogpobHa TbKaH.

BpopeHuTe mandopmaumy Ha guxatenHuTe
MbTYLLA Ca PefKM CbCTOAHMA C YecToTa OoT 1 Ha
8300 o 35 000 1 0,15%-6,4% OT TAX Ca UMEHHO
6enoapobHu cekBecTpauum [1]. TunmyHata Knm-
HMYHa 13ABa Ce CbCTOU B PELAMBUPALLN MHEB-
MOHUW, 6ONKW B rbpAUTE 1 XEMONTH3a.

KnnHnueH cnyvan

MpepcTaBAme cnyyai Ha 35-roguiLHa XeHa ¢
bebpununTeT, Kawnrua 1 60nKa B gfcHaTa rpba-
Ha MOJIOBUHA, MNbPBOHAYaIHO MOrpPeLwHo guar-
HOCTMUMpPaHa C NneBpaneH eMrnuem.

MauneHTKaTa nocTbnu B [lynmonoruyHa Knu-
HUKa € 3-ceIMMYHa aHaMHe3a 3a Kaluuua, Tem-
nepatypa fo 38°C, 6onka B gscHaTta rpbAHa
NOJSIOBUHA M THOWMHAa eKCreKTopaLus.

Mpenn NoCTbMNBaHETO e NPeMUHana Ba Kyp-
ca nepopanHo aHTUOMOTMYHO NeyeHre 6e3 no-
flobpeHne.

Ha komnioTbpHaTa Tomorpadusa ce guarHoc-
TUUMpa AACHOCTPAHHO ,MNIeBPANHO 3aMbrsBa-
He” (Qur. 1), nocneaBa MrneHa acnMpaumsa Ha
FHOEH eKCyAaT 1 NaLMeHTbT ce MPeHacouBa KbM
oTAeneHVe No rpbAHa XMPyprua ¢ guarHosa
LMneBpaneH emnvem”.

Introduction

Pulmonary sequestration is congenital aber-
rant formation of segmental lung tissue, which
has no connection to the bronchial tree or pul-
monary arteries. It is a result of bronchopulmo-
nary foregut malformation.

Pulmonary sequestration is divided into two
types depending on the pleural coverage.
Extrapulmonary lung sequestrations are lung
parenchymamasseswitha pleural coverageand
complete anatomical separation from the
normal lung parenchyma.

In contrast, intralobar pulmonary sequest-
rations, are masses of long parenchyma, located
inside the normal lung tissue.

Congenital airway malformations are rare
conditions with incidence of 1 per 8300 to
35,000, and 0.15%-6.4% of them are pulmonary
sequestrations [1].The typical presentation is as
recurrent pneumonias, chest pain pane and
hemoptysis.

Case presentation

We present a case of 35-years old female with
fever, cough and right sided chest pain primarily
misdiagnosed as pleural empyema.

A 35-years female was admitted in the Pul-
monology Department with 3- weeks history of
cough, fever up to 38°C, right sided chest pain
and purulentexpectoration.

Before the admission the patient underwent
two courses of antibiotic treatment without any
improvement.

Right sided “pleural opacity” was diagnosed
on the Computed Tomography (Figure. 1), follo-
wed by needle aspiration of purulent exudate
and the patient was redirected to the Thoracic
Surgery Department with the diagnosis of “pleu-
ralempyema”.

Our. 1. KT ¢ JaHHY 33 3aCEHYBaHE B AACHO I0SHO
6enoapo6Ho none.

Figure 1. CT- scan with right sided opacity.



M3BbpLUn ce AsiCHA 3aAHOCTPaHMYHa TOpakKo-
Tomus. lMNpun ornepa Ha nneBpanHata KyxuHa ce
OTKPW Manko KOJIMYeCTBO CepO3Ha MeBpasiHa
TEYHOCT, HO AeCHMAT loneH Nob belue yBenvyeH,
C TBbpAa KOHCUCTEHLUMA N MHOXECTBO KaBuTa-
LUK, N3MBJIHEHW C »KENaTUHO3HO U FTHOMHO Cb-
ObPXKUMO.

DonHuat 6enopgpobeH nurameHT GeLle ocBo-
60f€eH 1 ce OTKpWU abepaHTeH apTepuasneH Cbp
Hag Avadparmarta, Npousnusaly oT HU3XoAsA-
WaTa aopTa U HaBnuM3ally B AeCHWA JoneH nob
cnep Kpatbk xof. AbepaHTHaTa apTepus GeLue
oKono4 mm wupokaun 15 mm goara (Our. 2).

Our. 2. AbepaHTeH Cbfl B A0NHNA 6en10ap0o6eH UrameHT.

lvarHo3ata 6enoapobHa cekBecTpauua e
npueTa Bb3 OCHOBA Ha WHTpaonepaTMBHA Ha-
XopKa.

CoabT belle NpeKkbCHAT CbC CbAOB CTanep u
Gelle n3BbPLUEHA 6e3npobneMHa AsSCHA AOMHa
nobekTomus.

Mo Bpeme Ha pe3eKumsaTa YCTaHOBVIXME aHa-
TOMMYHa Bapuauusa Ha CbAoBaTa aHAaTOMUA —
MIMalle BTOpa apTepusi 3a 6-TU CErMEHT, 13M3a-
La Haj cpefHoAANOBaTa apTepus.

Mopaan HanMUMeTo Ha NO-BUCOK PUCK OT WH-
cydrLmeHUMa Ha BPOHXMANHKA YyKaH, fblxally
Ce Ha VMHO)EKTUPAHOTO onepaTVBHO MoJe, ToW
6elue fOMbIIHUTENIHO MPOTEKTUPAH Ype3 Nnapue-
TaJIHO NyieBpasnHo nambo.

lMpw cpe3 Ha NpenapaTta ce yCTaHOBU HarmbJl-
HO pa3pyLueH 6enofpobeH NAPEHXNM C MHOXe-
CTBO KyXVHU, 3200MKONEHN OT CKIepOTHNYHA Tb-
KaH (®ur. 3).

The patient underwent right posterolateral
thoracotomy. During the exploration of pleural
cavity there was a small amount of serous pleural
fluid, but the right lower lobe was enlarged, with
firm consistency and multiple cavitations filled
with gelatinous and purulent content.

The inferior pulmonary ligament was libera-
ted and an aberrant arterial vessel was found
above the diaphragm, arising from the descen-
ding aorta and entering into the right lower lobe
after a short course. The aberrant artery was
about4 mmwideand 15 mmlong (Figure 2).

Figure 2. Aberrant vessel in the lower pulmonary ligament.

The diagnosis pulmonary sequestration was
accepted on the basis of intraoperative finding.

The vessel was divided with vascular stapler
and uneventful right lower lobectomy was per-
formed.

During the resection we found anatomical
variation of the vascular anatomy - there was
secong artery for the 6th segment, arising above
the middlelobe artery.

Because of the presence of higher risk of
bronchial stump insufficiency due to the infec-
ted operative field, it was protected by coverage
with parietal pleuraflap.

During the exploration of the resected lower
lobe we found fully destructed lung parenchyma
with multiple loculations surrounded by sclero-
tictissue (Figure 3).
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Our. 3. Mpenapar oT feceH foeH 100 ¢ TbHa AeCTPYKUUS
Ha NapeHxuma.

InarHo3ata nHTpanobapHa 6enoapobHa
CeKBecTpaLus e NoTBbpAeHa NaToaHaTOMUYHO.

PaHHMAT cnefonepaTrBeH nepuof npoTeye
6e3 yCnoXKHeHUs 1 NaLreHTKaTa 6e n3nucaHa Ha
7-us cnepgonepatuBeH AeH. Bcuuku onuvcaHu
CMMMTOMM M3Ye3Haxa BefjHara cief pe3eKkuuaTa.

Mopaau BepoATHOCTTa OT CBbP3aHu Cbphey-
HY MandopmaLum no Bpeme Ha 6ONHMYHUA Npe-
CTOW e U3BbpLUEHa exoKapanorpadus, HO HMa
NaToNOrMYHN HAXOAKN.

He ca HabntogaBaHW KbCHU CliegonepaTBHM
YCIIOXKHEHNA.

MaymeHTKaTa MMa OT/IMYHO KaueCTBO Ha »Ku-
BOT 6€3 H/KaKBW NepCcrcTmpaLLy CVMnTOMU.

Aunckycna

BenopgpobHa cekBecTpauuma pagko ce npos-
BABA NpW Bb3pacTHW. B TO3m cnyyan naumneHT-
KaTa e MMana nHTpanobapHa cekBecTpaLus, Ko-
ATO O6VIKHOBEHO Ce ANarHOCTULMPA Ha Bb3pacT
non 20 roguHu [2].

Moutn 97% oT cnyvyanTe ca NoKanMsnpaHu B
[ONHMSA N06, a cekBecTpauunTe B JIEBUSA JOJEH
no6 ca ABa O TPU MBTU MO-YECTO CpeLlaHn oT
Te3u BAecHuA foneH nob [3,4,5].

B noseueto cnyyan nma eguHNYHa abepaHT-
Ha apTepus, pAOKO Ca HanuMue MHOXeCTBO CUC-
TEMHW apTepun. ApTepuanHoOTo cHabasBaHe
NPON3X0oXAa MMaBHO OT rpbgHaTa aopTa (46,1-
86,1%) 1 kopemHaTa aopTa (6,9%-31,6%), apy-
rmTe Bb3MOXHOCTU 3a XpaHeHe BKoUuBaT HTep-
KOCTanHa apTepus, anadparmanHa aprepus,
aopTHa bra, cybknasuma, bpaxuouedasnHa apTe-
pus, 6enogpobHa apTepuA, NsABa CTOMALLHa ap-
Tepus, KOpoHapHa apTepus, arteria lienalis u
6b6peUHa apTepus [3,5,6].

[lBata BMpa cekBecTpauua ca CBbp3aHu C
Pa3NNYHN KIMHUYHU MPOABMU.

ExcTpanobapHata, 4yecTo oTKpuUTa No Bpeme
Ha MpeHaTaNHWA UAN HeOHaTaneH nepuog npu

Figure 3. Specimen of the right lower lobe with full destruction
of the parenchyma.

The diagnosis intrapulmonary lung seques-
tration was confirmed pathologically.

The early postoperative period was unevent-
ful and the patient was discharged on the 7th
postoperative day. All described symptoms
resolved immediately after the resection.

Because of the probability of related heart
malformations during the hospital stay was per-
formed echocardiography, but there were no
pathological findings.

No late postoperative complications were
observed.

The patient has excellent quality of life with-
outany persisting symptoms.

Discussion

Pulmonary sequestration is rarely presented
in adults. In this case the patient had an intralo-
bar sequestration which is usually diagnosed
undertheageof 20[2].

Almost 97% of cases were located in the
lower lobe, and PS in the left lower lobe is two to
three times more common than that in the right
lowerlobe[3,4,5].

In most cases, there single feeding artery,
rarely multiple systemic arteries. Arterial supply
mainly originates from thoracic aorta (46.1-
86.1%) and abdominal aorta (6.9%-31.6%), the
other feeding possibilities include intercostal
artery, diaphragmatic artery, aortic arch, subcla-
vian artery, anonyma artery, pulmonary artery,
left gastric artery, coronary artery, arteria lienalis,
celiactrunkandrenal artery[3,5,6].

The two types of sequestration are associated
with different clinical presentations.

Extralobar, often discovered during the pre-
natal or neonatal period on ultrasound, is fre-



YNTpa3ByK, ce CBbpP3Ba C ApYrv BPoLeHN aHOMa-
K, BKIIOYUTENIHO CbpAaeyvHn dedekTn, 6eno-
Opo6Ha xunonnasus, AyrIMKaLMOHHN KUCTU Ha
npefHOTO YepBO, rPbOHAYHU aHOMANUN WK
avadparmanHm aHomanuu [7]. HoBopogeHute
MO>e Aja Ca aCUMNTOMAaTUYHW UK a CTpajaT oT
pecnupaTopeH ANUCTpec B pe3ynTaT Ha Bb3nase-
HUe U mac-edpekT.

ExcTpanobapHuTe cekBecTpauun pAafKo ce
MHEKTMpPAT, TbI KaTo TAXHaTa nfieBpasHa no-
KpVBKa MpefoTBpaTABa KOHTAKT C BAMULIAHUA
Bb34yX 1 bakTepuranHo 3ambpcasaHe (7). Pagko
Bb3PACTHU MaUMEHTM CTaBaT CMMNTOMATUYHM
nopagn xemotopakc, 6enogpobeH MHPapKT,
MHpeKUna nnn xemonTusa [7].

3a pasnuka oT TOBa, MHTpanobapHuTe cek-
BeCTpauum obUKHOBEHO ce 13ABABaT B [ETCT-
BOTO, HO 10 NONIOBUHATa u cnen 20-roguilHa Bb3-
pacT.[loBeyeTo NaLmMeHTN ca aCUMITOMATUYHN 1
HOCAT aHOManMATa B NPOABIIKEHME Ha rOANHY,
6MBaNKM AMarHOCTULMPaHN No Bpeme Ha pyTu-
HeH ¢u3MKaneH nperneg Uav Npu peunansu-
pala 6akTepuanHa MHEBMOHUA B 3acerHatua
[oNeH N106, No-PALKO 1 XeMONTX3a NOpaan Bb3-
naneHvie Ha OKOJHWA 6enoApobeH MapeHXum
(8,9). CumnTOMUTE YecTo ca HecneunpuuHuy,
Hal-4eCTUAT CUMNTOM € Kaliunua Uy ekcnek-
Topauusa, pebpunutet, xemonTtnsa n 6onka B
ropaute (3-5). Mpu HawwmAa cnyyain, HaNUYHUTE
CcUMNTOMM BAIXa KaLlWInLa, OTAENAHE Ha XPayuKu 1
6051Ka B rbpauTe.

JunarHo3aTta Ha 6enogpobHuTe MoOXe Aa ce
n3ebpwun upes KT - aHrnorpadusa [9,10]. KT an-
rmorpaduaTa npepnara no-HeMHBasvBeH MOA-
X0 B CpaBHeHMe C KaTeTbpHaTa aopTorpa-
dua,Bn3yann3npankm aptepuanHo cHabaaBaHe
[9].

OnTumanHoTo neuyeHue Ha 6enogpobHaTta
CeKBecTpaLmsa e XupypruyHa peseKkuus c Len ns-
6arsaHe Ha MHbeKUMA 1 yBpexaaHe Ha beno-
ApobHuA napeHxum [11]. XupyprusTta ce npeno-
pbyBa JOpY NPU aCMMNTOMATUYHM NALMEHTH 3a
npepoTBpaTABaHe Ha ycnoxKHeHuA [11].

B cnyyau Ha HbeKuna n gecTpyKumsa Ha Hop-
ManHaTa 6enoapobHa, TbKaH MOXe a ce U3Bbp-
WK aHaTOMWYHa pe3eKkuunAa-nobekToMnsa nnm
NMHeBMOHeKTOMUA. Pe3ynTaTbT 0OUMKHOBEHO e
nedrHUTMBHO n3nekyBaHe [11].

PelweHneTo 3a n3BbpLIBaHe Ha onepauns 3a
Cny4yalriHO OTKpUTa CeKBecTpaLus B 3pssa Bb3-
pacT Tps6Ba fa 6bhe B3eTO, KaTo ce nMa npeg-
BUA KNMHMYHATa KapTyHa 1 PUCKOBETE 1 NOJ3n-
TeoTnpoueaypatal[12].

KoHBEHUMOHANHMAT NOAXOA Ce NpeanoynTa
B CJlyYau KaTo TO3U — TOPAKOCKOMNCKUAT JOCTbN
MOXe fa 6bhe TPpyAeH nopaan cpacTBaHUATA U1
Ha/IMUMEeTO Ha MHOXEeCTBO abepaHTHU CbAoBe
[13].

quently associated with other congenital ano-
malies, including heart defects, pulmonary
hypoplasia, foregut duplication cysts, vertebral
anomalies, or diaphragmatic abnormalities [7].
Infants may be asymptomatic or may suffer from
respiratory distress as a result of inflammation or
mass effect.

Extralobar sequestrations are rarely infected,
as their pleural investment prevents from con-
tact with inhaled air and bacterial contamina-
tion(7). Rarely, adult patients become sympto-
matic because of hemothorax, pulmonary infarc-
tion, infection, orhemoptysis [7].

In contrast, intralobar sequestrations usually
present during childhood, but up to half present
after the age of 20. The most patients are asymp-
tomatic and carry the abnormality for years, only
to be diagnosed during a routine physical exami-
nation or with recurrent bacterial pneumonia in
the affected lower lobe or hemoptysis due to the
inflammation of surrounding lung parenchyma
(8,9). Symptoms are often nonspecific, the most
common symptom of PS was cough or expec-
toration, fever, hemoptysis and chest pain (3-5).
As in our patient, the remarkable symptoms
were cough, expectoration and chest pain.

The diagnosis of pulmonary sequestrations
can be performed by CT angiography [9,10]. CT
angiography offers a noninvasive approach
compared with catheter aortography, necessary
forthe arterial supply and diagnosis [9].

The optimal treatment for a pulmonary se-
questration is surgical resection with the purpo-
se to avoid infection and damage to the lung
parenchyma [11]. Surgery is recommended even
in asymptomatic patients for prevention of
complications[11].

In cases of pulmonary infection and destruc-
tion of the normal lung tissue, a major resection
such as lobectomy or pneumonectomy could be
performed.The outcomeis usually curative [11].

The decision to perform surgery for inciden-
tally found PS in adulthood should be made
considering the clinical presentation and the risk
and benefits of the procedure[12].

Conventional approach is preferred in cases
like this - thoracoscopic approach may have
difficult due to the adhesions and the presence
of multiple aberrantvessels[13].
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[bnrocpoyHata NporHosa 3aBucy OT pasme-
pa, MecTomnosoXeHUEeTO 1 Bpb3KaTa C GyHKLMO-
Hupawarta 6enogpobHa TbKaH. Cnegonepa-
TVBHaTa NPOrHO3a B MOBEYETO CJlyyan e OTnYHa
[14].

3akniouyeHune

B pefiku cnyuau, KOrato UMa TeXKKa AecTpyk-
uMa Ha 6enoapobHKA NapeHxM, UHTpanobap-
HaTa CEKBeCTpauusa MOXe Aia ce UMUTKPA Nne.-
paneH emnuem.

B cnyuan, nogo6HU Ha NpefcTaBeHUs nauu-
€HT, BHMMaTe/IHaTa MHTPaonepaTrBHA OLEHKa e
OT peLUaBaLLo 3HaUeHNe 3a OKOHYaTesHaTa auar-
HO3a. AKO abepaHTHMAT Cbf He 6bae pa3nosHar,
TOBaMOXe fja aoBefe o GpaTanHo KbpBeHe.

The long-term prognosis depends on the
size, location, and connection with functioning
lung tissue. After surgery, the prognosis is fre-
quently extremely excellent for the majority of
patients[14].

Conclusion

Inrare cases, when thereis severe destruction
of the lung parenchyma, the intralobar seques-
tration could be mistaken with pleural empy-
ema.

In cases similar to the presented patient, the
carefulintraoperative evaluation is crucial for the
definitive diagnosis. If the aberrant vessel is not
recognized, this could result in rupture vessel
and fatal bleeding.
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IObNTOCPOYHA NPEXUBAEMOCT
[P METACTATWYEH BEJIOZIPOBER
KAPLIUHOM — KNMHUYEH CITYYAIA

E. Aumutposa - locnognHoBa

KnuHuka no megnumHcka oHkonorusa, YMBAJT,Cs. MapuHa“ - BapHa
Kategpa no OHkonorua, MegnunHCKn yH1BepcuTeT — BapHa

Pesiome

BbenoapobHMAT KapLUMHOM e 3/10KaYeCcTBeHO 3a00/ABaHe C rosIIMO COLMAIHO 3HAYEHNe U C Hag
2 MUTOHA HOBM CJyYas rogmHo. ToBa e 1 eiHa OT OCHOBHUTE NPUYMHY 38 CMbPTHOCT, CBbP3aHa C pak, B
CBeTOBeH Mallab. Hap 60% oT naumeHTHTe ca B HanpeaHan cTaguii Ha 3a00siBaHeTO OLLe NPY NOCTaBAHe
Ha AnarHosara. Bbnpeku ye BbBeXXJaHETO Ha HOBM TepaneBTUYHU NOAXOAN Pa3LWnpPABa Bb3MOXHOCTUTE
3a KOHTPOJ Hag 6onecTTta 1 CcMMNTOMMKTE 11, NeYeHreTo Ha meTacTaTndHus HAPBK npoabkaBa ga 6bvae
cepuo3Ho npeamn3sBmKaTencTso. C To31 KNUHUYEH CnyYan npeacTaBaMe nauMeHT C MbPBUYHO MeTacTa-
TnyeH HOPBK, nocTurHan npexmnBaemocT OoT Hag 92 meceua cnep NieyeHne ¢ KOMOGUHauua ot
XMMUOTepanua, UMyHOTepanua 1 nbyeneyeHue.

KnouoBu gymu: 6enogpobeH kapunHom, HOPBK, obnrocpouyHa npexmnBaemocT, XxummoTtepanums,
MUMyHOTEpPanus, NbyeneyeHne, MbaeH OTroBOp



LONG — TERM SURVIVAL IN
METASTATIC PULMONARY CARCINOMA
— A CLINICAL CASE REPORT

E. Dimitrova - Gospodinova

Clinic of Medical Oncology, UMHAT “St. Marina” - Varna, Bulgaria
Department of Medical Oncology, Medical University of Varna

Abstract

Lung cancer is a neoplastic disease of a great social significance with over 2 million new cases
every year. It is also one of the main causes of cancer-related deaths worldwide. More than 60% of the
patients have advanced-stage disease at the time of the diagnosis. Although the implementation of new
therapeutic techniques has expanded the possibilities of achieving good control over the disease and its
symptoms, the treatment of metastatic NSCLC remains a therapeutic challenge. With this clinical case we
want to present a patient, who has reached 9,2 months survival with primary metastatic NSCLC, treated
with a combination of chemotherapy,immunotherapy and radiotherapy.

Keywords: lung cancer, NSCLC, long-term survival, chemotherapy, immunotherapy, radiotherapy,
complete response
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BbBeageHne

BenogpobHMAT KapLUMHOM e BTOPOTO MO Yec-
TOTa OHKONIOTMYHO 3abonsABaHe C Haf 2 MUINOHA
HOBW Cnyyas roguiuHo. Ton e egHa OT BogelyuTe
NPUYMHK 33 CMbPT, CBbP3aHa C OHKONOTMYHN 3a-
6onaBaHNA (18% OT BCUYUKM KapLMHOMHO CBbp-
3aHM CMbBPTHX cydan). Han-yectnaT nogtun e
HeapeOHOKNEeTbYHUAT 6enoapobeH KapLUHOM
(HAPBK), korTo npepactaBnaga 85% OT cnyvyauTte
B MHAYCTpuanusnpaHmte ctpaHu [1,2,3]. 3a
puckoBu GaKTopy ce cUnTaT TIOTIOHOMYLLIEHETO,
3aMbPCABAHETO Ha Bb3fyxa U XPOHUYHUTE Ge-
nofpobHn 3abonasaHuA. lNoBeye OT NONOBKHA-
Ta MaLMeHTV Ca C MeTacTaTUYHO 3abonaBaHe nNpu
nbpBOHavanHata gnarHosa [4,5]. [porHo3aTa 3a
nauveHtute ¢ HAPBK ocTtaBa HebGnaronpusTHa —
5 -ropguwHaTa NpeXKMBAEMOCT 3a BCUYKU CTaguUN
€ HNCKa, a eHOroAMLLIHaTa NPEXMBAEMOCT Npu
MeTacTaTMyHa 6onecT cnefl UUTOTOKCMYHA XU-
MnoTepanusa e egea 29% [7,8]. Bbnpekn toBa, HO-
BUTE Tepanuu nogobpsaBaT Bb3MOXKHOCTUTE 3a
KOHTpoOs Ha 3abonsBaHeTo [8].

Undopmauuns 3a naumeHTa

MpepncTaBA ce KNMHUYEH ClyYail Ha NayneHT
— MbX C MbpBUYHO MeTacTatnyeH HOPBK. Mpn
nocTaBsAHe Ha AnarHo3aTa nayMeHTbT e Ha 66 ro-
AVHK, 6rBW nyway (30 nakeToroanHM), NpeycTa-
HOBWJ TIOTIOHONYLWEHe 12 roAnHW Npean MbpBu-
Te cuMnTOMM Ha 6onecTTa. ChobLaBa 3a ymepe-
Ha KOHCyMauus Ha asfikoxos, He cbobuiaBa 3a
npodecroHanHy puckose 1 GaMmmiHa aHaMHe3a
3a OHKOJIOTMYHM unu 6enoppobHn 3abonssa-
HUA. Kato cbnbTcTBalM 3abonsaBaHMA ca [OK-
NafBaHW apTepuasnHa XUMNepPTOHUs, XPOHNYEH
racTpuT 1 NCXeMUYHA BONECT Ha CbPLETO C JO-
6bp MeanKameHTo3eH KoHTpos, a ECOG PS e
oueHeHKaTo 1.

KnnHnyHmn Haxoakn

Mpe3 anpun 2016 roguHa NaLMeHTbT e XOC-
nUTanM3MpaH No NMOBOA Ha TeXKKa ABYCTPaHHa
NHEeBMOHMA. Ha KOHTPOMHOTO PEHTreHOBO W3-
cnefBaHe Ma laHHV 3a HOLyN B AeceH 6an Apo6.
lNpes3 oHKM cblaTta roarHa 60IHMAT CbobLLaBa 3a
NnosBa Ha MOCTOAHHA Apa3Hella Kawnmua 1 3a-
Ayx npu ¢msmyeckn ycmnua. HanpaeeHaTa Ha-
TmBHa KT nokassa TymopHa dopmauus c pas-
Mepu 34/42 mm B feceH xunyc. NauneHTsT e Ha-
CoueH 3a 6POHXOCKONUSA, HO TakaBa He e U3Bbp-
weHa. Mpes tonn 2017 rogrHa Ha $oHa Ha HOBO-
nosBWNa Ce eKCrekTopauna 1 Halmume Ha Kbp-
BaBM XPauyKu e HanpaBeHaTa NoBTopHa KT, KaTo
dopmaumaTa B leceH Xunyc nepcmcTmpa cC yBe-
NnYeHun pasmepn 4o 47/55 mm.

Introduction

Lung cancer is the second most prevalent neo-
plastic disease with over 2 million new cases every
year. It is one of the main causes of cancer-related
deaths worldwide (18% of all cancer deaths). Non-
small cell lung cancer (NSCLC) is the most com-
mon subtype, comprising 85% of cases in indus-
trialized countries [1,2,3]. As risk factors are consi-
dered cigarette smoking, air pollution and chronic
pulmonary conditions. More than half of the newly
diagnosed lung cancer patients presented with
metastatic disease at initial diagnosis [6]. Approxi-
mately 60-70% of the patients have advanced-
stage disease at diagnosis [4,5]. The prognosis of
patients with metastatic NSCLC has remained
essentially unchanged in recent decades. The pro-
bability of survival at 5 years, considering all-stage
disease, remains low, and their 1-year survival rate
after cytotoxic chemotherapy is only 29%[7,8]. The
treatment of metastatic NSCLC remains a signifi-
cant therapeutic challenge, although the imple-
mentation of new therapeutic techniques has ex-
panded the possibilities of achieving good control
over the disease [8].

Patientinformation

We present a clinical case report of a male
with primary metastatic NSCLC. At the time of
diagnosis, the patient is 66 years old. He is an ex-
smoker (30 pack years) and stopped smoking
approximately 12 years before the first symp-
toms of the disease. He shares about moderate
alcohol consumption, no occupational risk fac-
tors or family anamnesis for chronic respiratory
or oncology diseases. His comorbidities such as
arterial hypertension, chronic gastritis and ische-
mic heart disease are very well controlled and his
ECOGPSisevaluatedas 1.

Clinical findings

In April 2016, the patient was hospitalized
due to severe bilateral pneumonia. After 10 days
of treatment the control X-ray showed a nodule
intherightlung.InJune 2016 he presented to his
primary care physician complaining of persistent
cough and dyspnea during physical activity. A
native CT scan revealed a mass (34/42 mm) in the
right pulmonary hilum. The patient was referred
to a bronchoscopy, which he did not perform. In
July 2017, due to augmenting clinical sympto-
matic and bloody sputum, a new CT scan was
done, which showed a persistent formation in
theright hilum with increased size (47/55 mm).



[AnarHocTnyHa oLleHKa

Mpe3 centemBpun 2017 roanHa e n3BbpLUEHa
6pPOHXOCKONMA C BMONCKA N XUCTONIOMMYHO €
BepudrLMpPaH afeHOKaPLMHOM Ha 6enuna opo6.
HanpaBeHnTe MONEKYNAPHO — reHeTUYHU W3-
cneaBaHus nokassat EGFRWT, 6e3 gaHHu 3a ALK
npeHapexpgaHe n PD-L1TPS =30%. MNayneHTbT €
HacoueH 3a ctagupaHe ¢ 18 — FDG PET/CT, 3a-
K/IOYEHMETO OT KOATO € Ha/lumne Ha TYMOp C pas-
Mepu 62/40/50 mm B geceH xXnnyc, Canealy, ce ¢
yBeNMUYEeHN MeanacTUHANHW TMMPHY Bb3K, 6e3
OaHHW 33 UHPUNTPaAUUA Ha MefMacTUHyma u
JaHHM 3a JeCHOCTpaHeH MieBpasneH M3NuB C
nosulleHa metabonntHa aktusBHocT (Qur. 1).
MocnenBanuAT nneBpaneH JpeHax M LUTono-
rMYHO M3CNiefiBaHe Ha NyHKTaTa JOKa3BaT Hanu-
UYMEeTO Ha MaNUrHeHn KneTku. HanpaseHata MPT
Ha rnaBeH MO3bK He NMoKa3Ba HaJnume Ha MeTa-
cTa3u. 3a60nABaHETO e CTagmpaHo KaTto cT3 cN1
cM1 (ple) - IV KnuHn4eH ctaguni.

Our. 1. [TbpBIUYHa TYMOpHA GopmaLA B JieceH benoapobeH
Xunyc ¢ pasmepu 62/40/50 mm, KoHAymMpaLya ¢ naket
MeaMacTUHanHM nuMHI Bb3nK (09/2017.).

TepaneBTN4YHO NOBeAeHMe

MNpe3 oktomBpu 2017 rognHa e 3anoyHaTta
MbpBa NMMHUA CUCTEMHA Tepanus no cxema Carbo-
platin AUC 6 i.v., Paclitaxel 175 mr/m’ i.v., Bevaci-
zumab 15 mg/kg i.v. c noBTopeHue Ha 21 gHW.
Cnep 4 uMKbra NeyeHve e HanpaBeHa pectagu-
pata KT, KoATo nokasBa peaykuus B pasmepute
Ha MbPBUYHUA TYMOP, 6€3 ANHaMMKa B OCTaHaNu-
Te Haxogku. KoHtponHata 18 - FDG PET/CT cnepn 6
UMKbNa Tepanua faBa 3aK/IloyeHne 3a nporpecus
Ha 6onectTa C yBefMYyeHn pasmepy Ha MbpBUY-
HYA Tymop (68/57/45 mm) ¢ Hap 20%, OLLEHEHO MO
RECIST 1.1. Mpe3 tonn 2018 rogrHa e ctapTupaHa
BTOpa NMHMA Tepanua ¢ Pembrolizumab 200 mr/
m? i.v. c noBTOpeHue Ha 21 gHu. [lo toHmn 2020 ro-
[VWHa ca npoBefeHy 061U 26 LiMKbNa UMyHoTepa-
nua. KoHTponHuTte pectagmpalum KT ¢ KOHTpacT,
NpoBexaHn cref, BCeKU YeTUpW LUKba Nede-
HWe, oTunTaT cTabunHa 6onect (Qur. 2). He ca
HabnogaBaHY MMyHOMeAVVIPaAHY HEXenaHu fe-
KapCTBeHM peakumm.

Diagnosticassessment

In September 2017, after a patient's consenta
bronchoscopy was made, and a biopsy was ta-
ken. Histopathologic examinations have verified
pulmonary adenocarcinoma. Further genoty-
ping showed EGFR WT, no ALK - rearrangement
and PD-L1 TPS=30%. Staging 18 — FDG PET/CT
found a tumor formation in the right pulmonary
hilum with size 62/40/50 mm, confluent with en-
larged mediastinal lymph nodes without actual
mediastinal infiltration (Figure 1). Additionally,
the image revealed right-sided pleural effusion
with metabolicactivity. Following pleural draina-
ge and cytological testing verified the presence
of malignant cells. Brain MRI shows no evidence
of metastasis. The disease was staged as cT3 cN1
cM1 (ple) — Stage IV pulmonary adenocarcino-
ma.

Figure 1. Primary tumor formation in the right pulmonary hilum
with size 62/40/50 mm, confluent with enlarged mediastinal
lymph nodes (September 2017).

Therapeuticintervention

In October 2017 was started first line systemic
treatment with Carboplatin AUC 6 i.v., Paclitaxel
175 mg/m?” i.v. and Bevacizumab 15 mg/kg i.v.
every 21 days. Re-evaluation contrast-enhanced
CT scan was performed after the 4th cycle and
showed reduction in the size of the primary
tumor with no dynamic in the rest of findings.
Unfortunately, the control 18 - FDG PET/CT after
6th cycle systemic therapy showed progression
in the size of the main tumor (68/57/45 mm)
>20% based on the RECIST 1.1 criteria. In July
2018 was initiated second line systemic therapy
with Pembrolizumab 200 mg i.v. every 21 days.
Until June 2020 26 cycles with Pembrolizumab
were made. Re-evaluation contrast - enhanced
CT scans after every 4 cycles showed stable
disease (SD) (Figure 2). No immune-related
toxicity was reported.
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Our. 2. [InHamuka B pa3mepa Ha MbPBUYHMA TyMOP Cied 8, 16
1 22 umkbna neyenne ¢ Pembrolizumab.

Mpe3 tonu 2020 rogrHa Ha KOHTposnHa 18 -
FDG PET/CT e onucaHa nepcuctmnpalla TyMopHa
dopmauma B feceH XuNyC CbC CUTHUGUKAHTHO
penyumnpaHu pasmepu 1o 27/22 mm 1 6e3 faHHU
3a permoHasnHa numdageHonaTua 1 JaneyHu me-
TacTasun. Haxogkata ot o6pa3HOTO uscnefBaHe
fedrHMpa yacTyeH OTroBOP OT NPOBEAEHOTO
neyeHne 1 NOHVXeHMe Ha CTaguAa [0 aKTyaneH
ycT1ycNO ycMO (®wur. 3). Mpe3 aBryct 2020 rogun-
Ha e NpoBefeHa CTepeoTaKTMYHa PagnoxXnpyp-
rua (STRS) ¢ obuwa posa 60 Gy B obnactta Ha
MbpBUYHMA TYMOP. Bnocnenctaue npu naumex-
Ta e yctaHoBeHa COVID-19 BupycHa nHekums,
KOATO 3a KPaTKO BpemMe Ce YCNOXHABa C [ABY-
CTpaHHa BUpPYCcHa MHEBMOHMA, obxBaLlalla Haj
50% oT 6enoApo6HUA NAPEHXMM U Pa3BUTMETO
Ha ocTpa gmxaTenHa HefoCTaTbYyHOCT, HaNoXu-
NN XOCMUTann3aunsa B UHTEH3VBHO OTAENEeHMe.

Our. 3. MepcucTupaly MeTabonUTHO aKTUBEH TYMOp B JleCeH
6enoapobeH Xunyc CbC 3HAUUTENHO HaManeHu pasmepu 1o
27/22 mm, 6e3 pervoHanHa iumMdaZeHonaTA Unn faneyxin
meTacta3u (07/20201.).

Mpe3 aHyapn 2021 roguHa cnep 6 meceyHa
TepaneBTMYHa Nay3a CbCTOAHMETO Ha NauuneHTa
e oueHeHo ¢ KT. OTueTeHa e nporpecusi Ha 60-
necTTa C HOBOMOABWUI Ce AECHOCTPAHEH MeBpa-
neH n3nue (60 MM) N HAKONKO HOBOMOABWUNY Ce
HOAYNM B KOHTpanaTtepanHus 6an gpo6. N3sbp-
LEH e ApeHaX Ha NeBpasHUA U3NMB 1 e 3aMnou-
HaTa TpeTa IMHuA Tepanus c Docetaxel 75 mg/m2

Figure 2. Tumor dynamic after 8, 16 and 22 cycles
of Pembrolizumab.

In July 2020 the control 18 — FDG PET/CT re-
vealed persistent tumor formation in the right
pulmonary hilum with significantly reduced size
to 27/22 mm, no regional lymphadenopathy or
distant metastasis (Figure 3). The findings defi-
ned partial response of the treatment (PR) and
downstaging — ycT1 ycNO ycMO. In August 2020
the patient underwent STRS with a total dose of
60 Gy for the area of primary tumor formation.
Meanwhile, a COVID-19 viral infection was regis-
tered, shortly after that complicated with bilate-
ral viral pneumonia, affecting >50% of the pul-
monary parenchyma and ARDS. The patient was
admitted to a respiratory ICU for further treat-
ment.

Figure 3. Persistent tumor formation in the right pulmonary
hilum with significantly reduced size to 27/22 mm,
no regional lymphadenopathy or distant metastasis (July 2020).

In January 2021 after 6 months treatment
break due to the severe infection the patient
underwent a CT scan that showed disease
progression with emerged right-sided pleural
effusion (60mm) and several nodules in the
contralateral lung. Pleural drainage was conduc-
ted and third-line systemic treatment with Doce-
taxel 75mg/m? was started. At this time point the



i.v. Ha Bcekn 21 gHu. lMepcncTmpat onnakBaHuA
OT cnabocT, yMmopa 1 fieka [0 yMepeHa AncnHen
npwv prsnyeckn ycmnus, a aktyanHuat ECOGPS e
OLleHeH KaTo 2. Bbnpeku ye nuncear fokasaten-
CTBa 3a pecnvpaTopHa UHPeKUMA 1 n3MepeHara
OU e 62%, cumnTomMaThKaTa ce BfollaBa Mo
BpEeMe Ha Jle4eHNeTO 1 XMMNoTepanmaATa, KoeTo
Hanara NpuIoXKeHne Ha XMroTepanusa B peay-
umpaHa ¢ 50% pgosa. Cnep 8 unkbia Tepanua ot
TpeTa NMHUA Ha npoBedeHaTa KT ce oTumTa npo-
rpecusa Ha 6onecTTa 1 HOBOMOABWI CE NEBOCTPa-
HeH nneBpasneH M3nMB. 3anoyYyHata e YeTBbpTa
nuHuA Tepanusa c Gemcitabine 1000 mg/m” geH 1
n8HaBcekn21 gHu.

MpocnepsaBaHe n pesyntatu

Cnepn npoBefeHu neT umkbia ¢ Gemcitabine
npuv NaumeHTa e perncTprpaH NpUCTbN Ha Npea-
CbPAHO TPENTEHE, HANIOXKWUIIO NNIeYEeHNE B HTEH-
3MBHO KappuonornyHo otgeneHue. KoHTtpon-
HaTa exoKapauorpadua cnep Bb3CTaHOBABAHE
Ha CMHYcoB puTbm otunta GUN=51%, Hanoxmno
N NpeycTaHOBABAHETO Ha CUCTEMHaTa Tepanus.
MNposeneHnata npe3 anpun 2022 roguHa 18 -FDG
PET/CT noka3Ba nepcuctupaiia ¢opmauma B
[leCeH XUIyC C aTeNneKTasa, Ho 6e3 meTabonmTHa
AKTUBHOCT. Ha KOHTpO/HaTa exoKkapauorpaduma
O e 59%, a 06LWOTO CbCTOAHME Ha BOAHMUA e
oueHeHo kKaTto ECOGPS 1-2.

Ot anpwn 2022 roguHa go toHn 2025 rognHa
nauueHTHT € B TepaneBTUYHA nay3a, KaTo 60-
nectTa ce oueHaBa ype3 KT ¢ KoHTpacT unmn 18 -
FDG PET/CT Ha Bcekn 3 meceua. Pesyntatute ot
06pa3HUTE N3CNeaBaHNs Ca KOHCUCTEHTHU U HS-
Ma AaHHM 32 mporpecusi Ha 3abonABaHeTo.
AktyanHuat ECOGPSe 1 (Qur.4).

=]

Our. 4. Mepcuctupaly moneH metabonuteH otroop (CMR) —
01/2025.

patient experienced weakness, fatigue and mild
to moderate dyspnea during physical activity.
His actual ECOG PS was 2. Although there was no
evidence of respiratory infection and the
EF=62% the complaints worsened during treat-
ment, which required a 50% dose reduction. Af-
ter a total of 8 cycles the CT showed new left-
sided pleural effusion and defined disease pro-
gression. Fourth line systemic treatment with
Gemcitabine 1000 mg/m?*wasiinitiated.

Follow-up and outcomes

After the fifth cycle of treatment the patient
appeared with an episode of atrial flutter that
imposed further treatmentin cardiology ICU.The
new echocardiography after the regularization
showed EF=51%. The systemic treatment was
discontinued until re-evaluation with 18 — FDG
PET/CT in April 2022. Surprisingly, the results
showed persistent tumor formation in the right
pulmonary hilum with atelectasis, but no meta-
bolic activity. Cardiac ultrasound defined EF=
59% and the ECOGPSwas 1-2.

From April 2022 until June 2025 the patient is
in a therapeutic break and performs contrast -
enhanced CTs or 18 — FDG PET/CTs every 3
months (Figure 4). The results are consistent and
revealed no disease progression. The current
ECOGPS of the patientis 1.

Ll

Figure 4. Complete metabolic response (CMR) (January 2025).
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O6cbXKpaHe

lMporHo3ata Npu MauveHTU C HanpepHan
HOPBK e nowa. EnBa 29% e egHoroguiuHata npe-
MKUBAEMOCT ciefl ULUTOTOKCUYHA XUMUOTEPanus.
NmyHoTepanuaTa ¢ IMYHHU YEKMNOWHT UHXNOU-
Topu (ICl) semoHCcTprpa obellaBalym pesynTaTu.
MNpeacTaBeHUAT cnyvyan nokasBa, Ye AbAro-
cpouHa npexussaemoct npu ctagun IVHIOPBK e
BbB3MOXKHA Ype3 NPUNOXKEHNETO Ha MyNTUMOAA-
neH noaxofd. JuncaTta Ha NPeAUKTUBHN MapKepu
3a NpUIoXeHne Ha TapreTHa Tepanua orpaHuYa-
Ba M3HAYasIHO TepaneBTUYHMTE ONUUK, KOUTO B
TaKbB CNyyall ca CBeeHM eAUHCTBEHO A0
LMTOTOKCMYHaA XMMKOTepanua cnopepn Aencr-
BaLLMTE KbM MOMEHTa KOHCEHCYCHI MPENOpPbKY
[9]. Bbnpekn nbpBOHaYanHO OTYETEHUA YacCTu-
YeH OTroBOp, BEPOATHOTO pPa3BUTME Ha JieKapCT-
BEHa PE3UCTEHTHOCT MOHMXaBa epeKTVBHOCTTa
Ha nocneaBaLnTe MMHUN XUMUOTEPANNA U BOAU
[0 nporpecus Ha 6onecTtTa. imyHoTepanusaTa ¢
Pembrolizumab noctura no6bp edekt. Texkata
COVID-19 BmpycHa HdeKLMna ycnoxHsasa npor-
HO3aTa 1 MOBULIABa puUcka OT nporpecus. Bece
olle e TPYAHO fa ce naeHTuouumpat npudrHmuTe
3a Ta3y M3K/IOUMTENIHO AbJira NpeXxmnBaemocT,
3HauMTENHO NO-AbJira OT OYaKBaHaTa NP Naum-
eHTn cHOPBA BIV kKnuHuueH ctagui [10,11].

3aknoyeHmne

Bbnpekun ye eyeHNETO Ha NaLMEHTUN C MeTa-
ctatnyeH HOPB/l ocTtaBa cepro3Ho npean3sumka-
TENICTBO, BbBEXAAHETO U NMpPUIaraHeTo Ha HOBU-
Te TepaneBTUYHM NOAXOAN NOJOOPABA Bb3MOXK-
HOCTWTE 3a MOCTMUraHe Ha OoObp KOHTPON Haj
3abonABaHeTo.

MsnonsBaHm cbKpaleHns

18 — FDG PET/CT - 18 — ¢pnyopofeokcmriokosa
MO3MTPOHHO — eMUCMOHHa Tomorpadusa/Kom-
nioTbpHa Tomorpadua

ALK - AHannactrnyHa num¢pomHa KrnHasa

ECOG PS - OyHKUMOHANHO CbCTOAHME NO U3-
TOYHa KOOoMnepaTUBHA OHKOJNIOTMYHa rpyna

EGFR - Peuentop Ha envgepManHua pacTexeH
dakTop

ICl = UMYHHW YEKMONHT NHXMBUTOPK

PD - L1TPS - OueHka Ha TymopHaTa nponopuusa
Ha ekcrnpecuaATa Ha NMraHga Ha peuenTopa Ha
nporpamvipaHa KneTb4yHa CMbpT

RECIST — KpuTtepun 3a oueHKa Ha OTroBopa npwu
connaHn Tymopu

STRS - CrepeoTtakTuyHa pagmoxmpyprus

KT - KomnioTbpHa Tomorpadus

MPT - MarHuTHO — pe3oHaHCHa Tomorpausa
HOPB[ - HeppebGHOKNeTbYeH pak Ha Genus
Apob

OW - Opakuma Ha n3TnackBaHe

Discussion

The prognosis of patients with advanced
NSCLC is poor. 29% of these patients are most
likely to have a 1-year survival rate after cytotoxic
chemotherapy. Nowadays promising agents for
cancer treatment are the immune checkpoint
inhibitors. In the presented clinical case it is
evident that long-term survival in Stage IV
NSCLC could be achieved using a multimodal
treatment pattern. The absence of suitable
mutations for targeted therapy makes the initial
line of treatment with cytotoxic chemotherapy
the only possible therapeutic option recommen-
ded by guidelines at that time [9]. Despite the
initial partial response, the development of over-
all drug resistance results in decreased effective-
ness of a number of chemotherapy and progres-
sive disease. Subsequently, immunotherapy
with Pembrolizumab has demonstrated good
efficacy over time. However, the severe COVID-
19 infection increases the risk of disease prog-
ression. It still remains hard to identify the
reasons for this exceptional survival, which is
notably longer than expected for patients with
advanced NSCLC[10,11].

Conclusion

Although the treatment of metastatic NSCLC
remains a significant therapeutic challenge, the
implementation of new therapeutic techniques
has expanded the possibilities of achieving good
control over the disease.

Abbreviations

18 — FDG PET/CT - 18 - Fluorodeoxyglucose po-
sitron emission tomography/computed tomo-
graphy

ALK - Anaplasticlymphoma kinase

ARDS - Acute respiratory distress syndrome
CT-Computed tomography

CMR -Complete metabolicresponse

ECOG PS - Eastern Cooperative Oncology Group
Performance Status

EF —Ejectionfraction

EGFR- Epidermal growth factor receptor
ICI-immune checkpointinhibitor

ICU -Intensive care unit
MRI-Magneticresonanceimaging

NSCLC-Non -small cell lung cancer

PD-L1 TPS - Programmed cell death ligand 1 -
Tumor proportion score

PR-Partial response

RECIST - Response evaluation criteria in solid
tumors

SD -Stable disease

STRS —Stereotactic radiosurgery
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N3NCKBAHWA
KbM ABTOPUTE

3a nybnukyBaHe ce npuemat 0630pHI CTaTIAW, OpUrH-
HallHY CTaTlK, ONNCAHIe Ha CyYau OT KWHUYHATA Npak-
TUKa U NUCMa 40 pefaKTopuTe.

TekcToBeTe, Tabnuuute U GurypuTe e npefasat B
€NeKTPOHEH PBKOMUC (Ha HOCUTEN WAW B eNeKTPOHHO
MMCMO) Ha OBATAPCKN U AHTNIMIACKN e31K, U3paboTenm ¢
TekcToo6paboTeaLya nporpama Word. Qurypure ce npe-
naBat BbB dopmar .tif unm .jpg. OcBeH BKMtoueHN B
eNeKTPOHHIA TeKCT, purypuTe TpA6Ba Aa Ce NpefoCTaBAT
11 KaTo OTAeNHM Qaitnose. 06embT Ha 0630pHuUTe CTaTUN
He TpAbBa Aa HaAXBbPAA 15 CTaHAAPTHM CTPAHULK, Ha
OpUrMHanHwTe CTatTui — 10 CTPaHNLN U Ha NpefiCTaBeHuTe
KNUHUYHI Cnyyan — 7 cTpanmum (2o 30 pega, 60 — 66
3HaKaHa pep, dopmat Ad).

Mon 3arnaBueTo Ha BCAKa nybnMkauma ce nocoysat
MeHaTa Ha aBTOPUTe, KaKTO CNlefiBa: UHULMan Ha cob-
CTBEHOTO UMe 1 Gpamunua. Mocousa ce MecTopaboTaTa Ha
aBTopuTe. AKO aBTOPCKUAT KONEKTIB € 0T NMoBeYe 0T eHa
WHCTUTYLMI, IMEHaTa e MapKupaT CLiudpoB MHAEKC.

Bevuku cTatin 3apbaxuTenHo ce npuapyxasar ot
pe3iome Ha GbArapcku 11 aHrMIACKIN e3uK B 0bem Ao 250
JyMI 1 0 6 KNIOYOBI JYMU.

(TpyKTypaTa Ha BCAKa OpUTMHANHA CTaTIA 3abKI-
TeNHO BK/I0YBa ClIefHUTE LUeCT pa3dena: yBog, Lien, Ma-
Tepuan 1 MeToan, pe3ynTaty, 00Cbx/aaHe 1 3aKnyeHne
(n3BogM).

bubnuorpaduata ga cbabpxa go 40 auTepatypHu
N3TOYHMKA 3 0630pHY CTaT!m 11 40 20 33 OPUTMHANHM CTa-
WK, NOAPeAEHN NO Pef Ha LUTMPaHe, KaTo MeHaTa Ha
aBTOpUTe Ce LUTMPAT B TeKCTa Ha OpUTMHaNeH e3uK, a
NOPeAHNAT HOMEP Ha LiTUpaHaTa nybnukauwa ce otbe-
nA3Bacapabcka uudpa.

bubnuorpadckute M3TOUHULM Ce LUTUPAT MO Cnea-
HUA HAYWH:

« LMTAT Ha cTaTua: ABTopy (GamunHo ume, MHMLMaN
Ha co6CTBEHO MMe). 3arnaBie Ha CTaTuATa. 3arnasue Ha
cnncanmeto (cokpateHo no Index Medicus), roguHa, Tom,
6poii, crpaHuuy (0T-10).

« LMTaT Ha KHura: ABTop. 3arnaBiue Ha KHUrata.
W3patencto, MecTon3faBaHe, roauHa Ha u3gaBaHe,
CTpaHuLy.

- UMTaT Ha cOopHuMK: ABTOp. 3arnaBue Ha rnagara.
3arnasue Ha cbopHuKa. V13naTencTBo, MecTou3faBaHe,
rOAVHA Ha M3JaBaHe, CTPaHMLM.

B Kpas Ha eneKTpOHHMA PHKOMUC 3aAbMKUTENHO Ce
oT6enA3Ba afipec 3a KOPECNOHAEHLNA, ChABPXKALL UMETO
Ha MbPBINA aBTOP, NOLLEHCKIN M eNEeKTPOHEH aipec, Tene-
doHeH 1 dpakc Homep. ABTopuTE Npunarar eknapauus, ue
NpefoCTaBeHA MaTepuan He e nybnuKyBaH unn npefa-
[LeH 3a neyar B pyro neyaTHo U3fjaxue.

EneKTpOHHN pbKONMCKA He ce BPBLUAT Ha aBTopuTE.
PenakuuaTa He n3nnatia xoHopapu.

Marepuanute ce 3npawar Haagpec:
Mpo¢. a-p BeHuncnasa MeHyesa
YMBAN"AneKcaHapoBcka"

MeawumHckn yunsepcuter, Cogua

e-mail: toracal. ned@gmail.com
1.0888978703
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