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CNYYAN HA MYNTUPE3WUCTEHTHA
[NHEBMOHWA CJIEL TPUT
[P WHAYE 31PABA MNAZLA AEHA

J1. Hukonos, E. Mekos, T. Muxanosa, P. Xanipanna, B. lOpykoBa, P. [leTkoB

Katenpa no 6enogpobHu 6onectu
MepnunHckn yHusepcuteT - Copus

Pesiome

MPUNBT YecTo ce yCNIOXHABa OT BTOPUMYHM OakTepuranHn MHPeKuun, ocobeHo NMHeBMOHWUA,
npuYMHEeHa OT MaToreHy KaTo Streptococcus pneumoniae. MMoABata Ha mynTupesncteHTHU (MDR)
6aKTepuanHu LaMoBe OMbAHUTENIHO YCNOXHABA TeYEHNETO Ha Te3un HbeKL MK, KOeTo NpeacTaBnsaBa
3HauMTenHa 3ansaxa 3a 34paBeona3BaHeTo B CBETOBEH MaLlab. Tasum ctatua onvcea 30-roguLLHa, MHave
3[paBa ’KeHa, KOATO pa3BMBa MHEBMOHMA, NpuunHeHa ot MDR S. pneumoniae, cnep npekapaHa
uHbekuma c rpun A. Bbnpeku MbpBOHAYaNHOTO fleueHne C oseltamivir 1 eMNUPUYHK aHTUOMOTULM
(levofloxacin 1 meropenem), CbCTOAHMETO HAa NaLMEHTKAaTa Ce B/IOWABA, C NepcucTupalla Temnepartypa
1 nporpecra Ha 6enoppobHuTe MHPUNTPaTU. KpbBHUTE KynTypu notebpxaasaT MDR S. pneumoniae,
pe3nCTEHTEH KbM MHOXECTBO aHTUOMOTILY, BKIOUKTENTHO azithromycin, levofloxacin n meropenem, Ho
yyBcTBUTENeH Kbm doxycycline. [pemrHaBaHeTo KbM Tepanua ¢ doxycycline Bogn o 6bP30 KNMMHUYHO
nopobpeHue, oTwymaBaHe Ha ebpunuTeTa N 3HaUMTENHA PEHTIEHONOMMYHA pe3opbunsa Ha 6enoapob-
HUTe uHGMNTPaTK. To3M Crlyyan noguepTaBa HapacTBALLOTO NPean3BuKaTencTso Ha MDR 6akTepuanHu-
Te nHbEKLUMM [OpU NPU MV, MHave 34paBv MHANBMAN 6e3 TPaaULMOHHN PUCKOBM GaKTOPW.

KniouoBu gymm: rpun, MHOXeCTBEHa JleKapCTBeHa Pe3UCTEeHTHOCT, Streptococcus pneumoniae,
YCIOXHEHNA



A CASE OF MULTI-DRUG-RESISTANT
PNEUMONIA AFTER INFLUENZA
INYOUNG HEALTHY FEMALE

L. Nikolov, E. Mekov, T. Mihalova, R. Khairallah, V. Youroukova, R. Petkov

Department of Pulmonary Diseases,
Medical Faculty, Medical University - Sofia

Abstract

Influenza is frequently complicated by secondary bacterial infections, particularly pneumonia
caused by pathogens such as Streptococcus pneumoniae. The emergence of multi-drug-resistant (MDR)
bacterial strains has further complicated the management of these infections, posing a significant threat
to global health. This manuscript describes a 30-year-old, otherwise healthy woman who developed
pneumonia caused by MDR S. pneumoniae following an Influenza A infection. Despite initial treatment
with oseltamivir and empiric antibiotics (levofloxacin and meropenem), the patient's condition
deteriorated, with persistent fever and progression of pulmonary infiltrates. Blood cultures confirmed
MDR S. pneumoniae, resistant to multiple antibiotics including azithromycin, ciprofloxacin, and
meropenem, but susceptible to doxycycline. Transition to doxycycline therapy resulted in rapid clinical
improvement, resolution of fever, and significant radiographic clearance of pulmonary infiltrates. This
case underscores the growing challenge of MDR bacterial infections even in young, healthy individuals
without traditional risk factors.

Keywords: influenza, multi-drug resistance, Streptococcus pneumoniae, complications

case report
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CNYYAI HA MYTITUPE3ICTEHTHA
MHEBMOHWA CNEL TPUN
MPI NHAYE 3IPABA MITAZIA MEHA

TopakanHa MeguuuHa
Tom X1V, 6p.1
Man 2025

BbBeageHne

lPNbT e CMNHO 3apa3Ho pecnuMpaTopHO
3abonsaBaHe, NPUUYMHEHO OT FPUMHUTE BUPYCU.
Te3n BMpycK npuHagnexaT KbM CeMencTBo
Orthomyxoviridae n ce knacuouumpar B Tpu oc-
HoBHW TUNa: A, B n C, kaTto rpun A n B ca ocHoB-
HUTE NPUYMHUTENN HA Ce30HHUTe enugemun [1].
Cnep BMpycHaTa MHGEKLNA MHOIO YeCTo Ce Ha-
6nogaBat 6akTepuanHu KonHbeKuumn, ocobeHo
C natoreHu Kato Streptococcus pneumoniae,
Staphylococcus aureus n Haemophilus influenzae.
Te3n BTOpUYHN GaKTepuanHu NHOGEKUUM YecTo
N30CTPAT TeXeCTTa Ha 3abonAaBaHeTo, KaTo BO-
OAT 1O YCNIOXKHEHUA KaTo NMHEBMOHWSA, CENcUC n
noBuLwaBaT CMbPTHOCTTA [2].

AHTMOVOTMYHATA PE3NCTEHTHOCT Ce NPeBPb-
LLa B €[JHO OT Hal-HanexaLluTe rnobanHu 3gpas-
HV Npean3BMKaTencTsa Ha 21-Bu Bek. LLinpokaTa
1 yecTo 6e3paszbopHa ynoTpeba Ha Te3r MefiKa-
MEHTV BOAM [0 6bp3a eBOMOUUA HAa PE3UCTEHT-
HV GaKTepuasiHX LAMOBE, KOETO MpaBu MHOIO
aHTMOroTMuM HeedekTBHU [3]. CBeTOBHATA
3gpaBHa opraHusauuma (C30) obsaBABa aHTUOWO-
TUYHaTa Pe3nCTEHTHOCT 3a ,M3BbHPeaHa 34paB-
Ha CcUTyauumsa B CBeTOBeH Mallab’, kaTo npepy-
npexfjasa, Ye CMe Ha npara Ha nocT-aHTUbmo-
TUYHa epa, B KOATO YeCTo cpeLlaHnTe nHpeKLmun
OTHOBO MoOraT fja CTaHaT »KMBOTO3acTpallaBaLly
[3]. Hakonko 3Haummm puckoBu pakTopa fonpu-
HaCAT 33 HapaCcTBAHETO Ha aHTMbOaKTepranHaTa
PEe3VCTEHTHOCT, BKJIYUTENIHO MPEKOMEPHOTO
npeanvceaHe u 3noynotpebata ¢ aHTMOMOTHLM
B XyMaHHaTa MefM1LMHa, LUMPOKOTO U3Mon3BaHe
Ha aHTMOMOTULM B CENCKOTO CTOMAHCTBO U »KU-
BOTHOBDBACTBOTO, IOLLNTE NPAKTUKM 38 KOHTPON
Ha HbeKUMNTe B 3apaBHUTE 3aBeeHUs 1 nn-
caTa Ha obLlecTBeHa OCBEAOMEHOCT OTHOCHO
nogxopauwarta ynorpeba Ha aHTu6uoTULM [4,5].

LlenTta Ha Ta3u cTaTusA e ja nogyeprae HOBOTO
npeav3BrKaTeNnCcTBO, CBbP3aHO C MynTupesu-
cteHTHUA (MDR) Streptococcus pneumoniae, B
KOHTEKCTa Ha 6aKTepuanHa NMHeBMOHUA cnep
rpun npu mMnagu, uHade 3gpasu nuua 6es
TPaaLMOHHN PUCKOBU haKTopu.

OnuncaHune Ha ciyyai

30-roguiLiHa XeHa 6e3 U3BECTHU XPOHUYHN
3abonABaHNS Ce NpeAcTaBsa C OMJlakBaHMA OT
bebpunutet (mo 40°C), 3anoyHan npean cenem
[HW, NPeaVMHO B ciefobeH/Te YacoBe, 3aejHO
C HenMpoayKTMBHa KalLnuLa, OTNagHaNocT, reHe-
panusnpaHn MUanTMm 1 apTpanrnm u NoBpbLUa-
He cnep xpaHeHe. MaureHTKaTa cbobLLaBa, Ye e
MMarna KOHTAKT C Manko feTe, KOeTo e MMano
NOSIOXKNTENEH TECT 3a rpun A neT AHW npeamn
nosiBata Ha CUMMNTOMUTE.

EnvH neH cnepn nosABaTta Ha cMMnTomMuTe Mna-
LMeHTKaTa nocelyaBa o6LONPaKTUKYBaLLKA CL
nekap, KomTo Ha3Hayaea RT-PCR TecT ¢ nonoxu-
TeneH pesyntat 3a rpun A. ObLionpaKkTukyBsa-
WMAT NeKkap Npeanncea Ha MauueHTKaTta nep-
oparneH oseltamivir n ibuprofen. Cnepn wect gHW
Ha nepcucTMpalla Temnepatypa u 6e3 cumnTo-
MATUYHO O6NeKYEHUe, TS € XOCNuTanM3npaHa B
6enoapobHaTa KNnHKKa.

Introduction

Influenza is a highly contagious respiratory
illness caused by influenza viruses. These viruses
belong to the Orthomyxoviridae family and are
classified into three main types: A, B, and C, with
influenza A and B being the primary drivers of
seasonal epidemics [1]. Following viral infection,
bacterial co-infections are very common, parti-
cularly with pathogens such as Streptococcus
pneumoniae, Staphylococcus aureus, and Hae-
mophilus influenzae. These secondary bacterial
infections often exacerbate the severity of the
illness, leading to complications such as pneu-
monia, sepsis, and increased mortality [2].

Antibiotic resistance has emerged as one of
the most pressing global health challenges of
the 21st century. The widespread and often
indiscriminate use of these drugs has led to the
rapid evolution of resistant bacterial strains,
rendering many antibiotics ineffective [3]. The
World Health Organization (WHO) has declared
antibiotic resistance a "global health emergen-
cy", warning that we are on the brink of a post-
antibiotic era where common infections could
once again become life-threatening [3]. Several
prominent risk factors contribute to the rise of
antibacterial resistance, including the overpre-
scription and misuse of antibiotics in human
medicine, the extensive use of antibiotics in
agriculture and livestock production, poor
infection control practices in healthcare settings,
and the lack of public awareness about appropri-
ateantibiotic use [4,5].

This manuscript aims to highlight the emer-
ging challenge of multi-drug-resistant (MDR)
Streptococcus pneumoniae in the context of
post-influenza bacterial pneumonia in young,
otherwise healthy individuals without traditio-
nalrisk factors.

Case presentation

A 30-year-old woman with no known chronic
illnesses presents with complaints of fever (up to
40°C), which began seven days ago, primarily in
the afternoon, along with a non-productive
cough, malaise, generalized myalgias and arth-
ralgias, and vomiting after eating. The patient
recalls having contact with a toddler who tested
positive for Influenza A five days before her
symptom onset.

One day after symptom onset, the patient
visited her general practitioner, who ordered an
RT-PCR test, which returned positive for Influen-
za A.The patient was prescribed oseltamivir and
ibuprofen orally by her general practitioner.
After six days of persistent fever and no sympto-
matic relief, she was admitted to the pulmonary
clinic.



Mpu ¢msnkanHMa npernef nayvMeHTKata Mma
TenecHa Temnepatypa 38,6°C. KucnopopgHara
catypauus e 98% Ha aTtMochepeH Bb3AyX, a
AnxaTtenHata yecTtoTta — 16 B MuHyTa. [epkycuaTta
He rokassa OTK/IOHeHuA. lNpu ayckynTtauma ce
yyBaT ABYCTPAHHO BAAXKHU XPUMOBE N KpenuTa-
UMK, a OT JACHaTa CTpaHa, B cybckanynapHaTa
o6nacT, ce aycKynTpa 6poHXManHo anLaHe.

HAuazHocmuyeH nnaH

HasHauyeHun ca peHTreHorpaduma Ha rpbaeH
KoL, nabopaTopHW n3cieaBaHus, enekTpoKap-
avorpama (EKI), exokapauorpadus, KpbBHO-
razoB aHanu3 (KI'A) n xpauka 3a MUKpobuonorus:

- PeHTreHorpadua Ha rpbaeH Koww: [1BycTpaH-
HU MHOUATPATU, NO-U3paseHun BaAcHo (Our. 1);

- JlabopaTtopHu n3cnefBaHuA: NeBKOLMUTA
(WBQ): 12,06x10°/L (1), npoueHT HeyTpobunu
(NEUT%): 92,6% (1), npoueHT numdountn
(LYM%): Bcuukn ocTtaHanu napameTpu ca B
pamKmnTe Ha pedepeHTHUTE FrPaHNLK;

- buoxumusa: KpeatuHuH: 116,43 umol/L
(eGFR = 47,4 ml/min/1,73m?); BCMUKM OCTaHau
napameTpu ca B pepepeHTHUTE rpaHnLY;

- KIA (Ha atmocdepeH Bb3ayx): pH: 7,40,
PaCO,:22,4 mmHg, Pa0,: 71,9 mmHg, HCO;: BE=
(-0,6 mmol/I), SatO,-96,5%;

- EKI: cunycoBa Taxukapgua (104 ypapa B
MUHYTa);

- Exokapguorpadusa: Hama natonornyxu
OTKJTIOHEeHwUs.

Qur. 1. PeHTreHoBa CHMMKa Ha TPBAHNA KOLL NPU NOCTbNBaHeE.

JleyeHue u 6onHUY4eH npecmoli

3anoyHaTo e MHTPaBEHO3HO fleyeHmne C pec-
nupatopeH xuHosoH (levofloxacin 500 mg IV Ha
BCEKM 24 4aca), KaKTO U CUMMTOMaTMYHO fleye-
Hue (KaTo paracetamol 1000 mg IV, famotidine
20 mg ABa MbTv fHEBHO) 1 1,5 nuTpa MHTpaBe-
HO3HW BNMBaHWA QHEBHO MOpaju fexmpapata-
LMATa OT NOBPbLLAHETO.

Tpw gHW cnep xocnuTanusaumAaTa U MHTPa-
BEHO3HaTa aHTMOMOTNYHA TepanuA He HacTbNBa
nofobpeHne Ha CUMNTOMUTE W OMJIaKBaHWATA.
Bucokata Temnepatypa nepcuctupa, Kato B
cnepobeaHuTe Yacose Bapupa ot 39°C go 40°C.
Habniogasat ce 3eneHun xpauku. Mpu ayckynTa-

On physical examination, the patient had a body
temperature of 38.6°C. Oxygen saturation was
98% on room air, with a respiratory rate of 16
breaths per minute. Percussion revealed no
abnormalities. Lung auscultation detected rales
and crackles on both sides of the chest, and on
the right side, in the subscapular region, bron-
chial breathing was present.

Diagnostic Workup

A chest X-ray, lab tests, electrocardiogram
(ECG), echocardiography, arterial blood gas
(ABG) analysis, and sputum microbiology were
ordered:

- Chest X-ray: Bilateral opacities, more
pronounced on theright (Figure 1);

-CBC: white blood cell (WBC): 12.06x10%/L (1),
neutrophil percentage (NEUT%): 92.6% (1),
lymphocyte percentage (LYM%): 4.4% ({); all
other parameters were within the reference
range;

- Biochemistry: Creatinine: 116.43 pmol/L
(eGFR = 47.4 mL/min/1.73m?); all other parame-
ters were within the referencerange;

- ABG (room air): pH: 7.40, PaCO,: 22.4 mmHg,
Pa0,: 71.9 mmHg, HCOs: 19.4 mmol/L; BE = (-0.6
mmol/l), SatO, - 96.5%;

-ECG:Sinus tachycardia (104 bpm);

-Echocardiography: No pathological changes.

Figure 1. Chest X-ray at admission.

Treatment and hospital course

Intravenous therapy with a respiratory quino-
lone (levofloxacin 500 mg IV every 24 hours) was
initiated, along with symptomatic treatment
(e.g. paracetamol 1000 mg IV, famotidine 20 mg
twice daily), and 1.5 liters of intravenous fluids
perday dueto dehydration caused by vomiting.

After three days of hospitalization and IV anti-
biotic therapy, there was no improvement in
symptoms or clinical signs. The patient continu-
ed to have a high fever, with temperatures ran-
ging from 39°C to 40°C in the afternoon. Green
sputum was observed. On auscultation, the area
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LS 30HaTa C XpuUnoBse ce paswunpnaBga. lNposege-
Ha e KOHTPOJIHa peHTreHorpadusa Ha rpbaHUS
KOLL, KOATO MoKa3Ba nporpecus Ha 6enoapob-
HUTe uHouNTPaTn (Pur. 2).

Our. 2. PeHTreHorpava Ha rpbAHIA KoL 3 AHKM
Clef XoCnuTanu3aLmaTa.

HasHaueHn ca xeMOKynTypu 3a aepobHa 1
aHaepo6Ha dnopa. [lokaTo ce M3yaKBat pesynTa-
TUTE, € 3aM0YHATO MHTPABEHO3HO MPUSIOXKEHNE
Ha meropenem KaTo BTOPO aHTUOaKTepuasnHo
CpencTso.

[1Ba AHM NO-KbCHO PE3yNTaTUTE OT XEMOKYII-
TypuTe MOTBbpP)KAABAT Streptococcus pneumo-
niae cbc cnepgHata aHTMbKorpama (R = pesucren-
TeH,S=uyBcTBUTENEH, | = MeXWHEH):

-Azithromycin (R)

-Chloramphenicol (S)

-Ciprofloxacin (R)

-Clarithromycin (R)

-Clindamycin (R)

-Doxycycline (S)

-Erythromycin (R)

-Imipenem (R)

-Levofloxacin (I)

-Linezolid (S)

-Meropenem (R)

-Oxacillin (R)

-Tetracycline (S)

-Trimethoprim-sulfamethoxazole (S)

-Vancomycin (S)

-Rifampicin (S)

Bb3 ocHOBa Ha pe3ynTtatute OT aHTMOMOrpa-
MaTa npunoxeHmeTo Ha levofloxacin n merope-
nem e npeycTaHOBEHO, KaTo e 3anoyHaT doxy-
cycline, npunarax no 100 mg MHTPaBEHO3HO AiBa
MbTU AHEBHO.

[lBa gHW cnep 3anouBaHe Ha TepanuATa C
OOKCUUMKIVH TemnepaTtypaTa Ha nauueHTKaTa
cnafa, cMMnToMUTE 3amnouysarT fja ce nogobpsasat
1 ce HabnoJaBa NeKo HamasnABaHe Ha HaxoKaTa
npu ayckyntauma. MHTpaBeHo3HaTa Tepanus ¢
BNMBaHUA e NpeyCcTaHOBeHa.

Ha ocmuma xocnuTanusauroHeH feH NbiHaTta
KpbBHa KapTuHa nokasea 6pon Ha WBC 6,37x
10°/L, ¢ NEUT% 76,2% u LYM% 21,2%, a

with crackles and rales had expanded. A follow-
up chest X-ray was performed, revealing a prog-
ression of the pulmonary infiltrates (Figure 2).

Figure 2. Chest X-ray 3 days after admission.

Blood cultures for aerobic and anaerobic
microbial flora were ordered. While awaiting the
results, intravenous meropenem was initiated as
asecond antibacterial agent.

Two days later, the blood culture results
confirmed Streptococcus pneumoniae with the
following antibiogram (R = Resistant, S = Suscep-
tible, | =Intermediate):

-Azithromycin (R)

-Chloramphenicol (S)

-Ciprofloxacin (R)

-Clarithromycin (R)

-Clindamycin (R)

-Doxycycline (S)

-Erythromycin (R)

-Imipenem (R)

-Levofloxacin (I)

-Linezolid (S)

-Meropenem (R)

-Oxacillin (R)

-Tetracycline (S)

- Trimethoprim-sulfamethoxazole (S)

-Vancomycin (S)

-Rifampicin (S)

Based on the antibiogram results, levofloxa-
cin and meropenem were discontinued, and the
patient was started on an intravenous doxycyc-
line regimen, administered as 100 mg IV twice
daily.

Two days after initiating doxycycline, the
patient's fever subsided, symptoms began to im-
prove,and aslight reductionin rales and crackles
on auscultation was observed. Intravenous fluid
therapy wasnolongerrequired.

On the eighth hospital day, the complete
blood count (CBC) revealed a WBC count of
6.37x10°/L, with a NEUT% of 76.2% and a LYM%



KpeaTVHUHBT cnaga ao 79,4 umol/L. CkopocTTa
Ha yTasBaHe Ha epuTpoumuTumTe (ESR) e 35 mm/h.
Bcnukn octaHanu napameTpu Ha KpbBHaTa
KapTuHa ca B pedpepeHTHU rpaHnLL.

MNMocnepBalata peHTreHorpaduma Ha rpbaeH
KOLU, HanpaBeHa MeT AHW Cfief HayanoTo Ha
npuema Ha JOKCUMLMKIMH, NOoKa3a 3HaunTenHo
HaManABaHe Ha [BYyCTpaHHUTe 6enoApo6HU
nHountpatn (Our. 3).

Qur. 3. PeHtreHorpadua Ha rpbAHNA KOLU 5 HI CNIEf HAYanoTo
Ha npuema Ha doxycycline.

Cnep net nocnepfoBatesiHy AHW 6e3 nosuLe-
Ha TemnepaTypa v CbC 3HaUUTeNHO nofobpeHme
Ha CMMNTOMUTE NaLMEHTHT e AexocnuTanu-
3MpaH 3a ambynaTopHo neyeHwne ¢ doxycycline
100 mg BefHbX AHEBHO B NMPOLbIIXKEHME Ha NeT
LHW.

Mpu NocneaBaLLoTo NocelleHre NauMeHTKa-
Ta He cbobLyaBa 3a onnakBaHUA. GU3nKanHUAT
npernef He NoKasBa OTK/IOHEHUA, @ PEHTIeHo-
rpaduaTa Ha rpbAHMA KOL MOKa3Ba NPoabIIKa-
Balla peayKuUuA Ha 6enoapobHuTe nHGUNTPaTH
(Our. 4). JonbnHWUTENHO NeYeHne He e npwuna-
raHo.

Our. 4. PentreHorpadua Ha rpbAHIA Koww 10 AHN
U1en Aexocnuranusauuara.

of 21.2%, and the creatinine dropped to 79,4
pumol/L. The erythrocyte sedimentation rate
(ESR) was 35 mm/h. All other CBC parameters
were within the referencerange.

A follow-up chest X-ray, performed five days
after starting doxycycline, showed a significant
reduction in bilateral pulmonary infiltrates
(Figure 3).

Figure 3. Chest X-ray 5 days after starting doxycycline.

After five consecutive days without fever and
with a significantimprovementin symptoms, the
patient was discharged for home treatment with
doxycycline 100 mg, taken once daily for five
days.

Atthefollow-up visit, the patienthad no com-
plaints. Her physical examination revealed no
abnormalities and a chest X-ray showed further
reduction of the pulmonary infiltrates (Figure 4).
No additional treatmentwas required.

Figure 4. Chest X-ray 10 days after discharge.
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Anckycna

MyntunekapcteeHata pesncteHTHocT (MDR)
onpepeneHa Kato pe3ncTeHTHOCT KbM >3 Kraca
aHTMGMOTULUMN (0BMKHOBEHO [(-NaKTaMu, MaKpo-
NVAKW, TeTPaUUKANHN, XUHOMOHU 1 cyndoHa-
MUan), ce yBenvMyaBa B CBETOBEH Mallab u ce
Habnogasa npu noseve ot 30% OT NHEBMOKO-
KuTe cnopeg ny6nvkaumsa ot 2007 r.[6].

To3un cnyyan nogueptaBa HOBOBb3HMKBALLO-
TO Npepu3BMKaTencTso Ha MDR mukpoopraHms-
MUTE, 0COOEHO NPU MNaan, MHave 34paBu nuua
6e3 TpaAWLUVOHHN PUCKOBU ¢aKTopu. Strepto-
COCcus pneumoniae e e[H OT Hal-4ecTo cpeLla-
HWUTe NaToreHu, N3onMpaLLy ce Npu cnearpunHa
6aKkTepuanHa NMHEBMOHWA, U Heroeata pe3unc-
TEHTHOCT KbM MHOXECTBO aHTMOMOTMLM e 3Ha-
ynTeneH npobnem3a obuiecTtBeHoOTO 3gpase [7].

AHTMOMOrpamaTa Ha M30NMpPaHuA Wam S.
pneumoniae pa3KpriBa Pe3UCTEHTHOCT KbM MHO-
XKeCTBO aHTUOMOTMLN, BKNOUMTENHO azithromy-
cin, ciprofloxacin, clarithromycin, clindamycin,
erythromycin, imipenem, levofloxacin n oxacil-
lin. To3n mogen Ha Pe3nCTEHTHOCT € B CbOTBET-
CTBUeE C rnobanHoTo HapacTBaHe Ha MDR nHeB-
MOKOKOBW LLAMOBE, 3a KOMTO BCe MO-4YecTo ce
cbobLlaBa KakTo B 00LIeCTBOTO, Taka 1 B 3paB-
HuUTe 3aBefeHus [8]. [bpBOHaYaNHOTO NeyeHne
c levofloxacin n nocnegsanoTo neyeHmne ¢ mero-
penem He ycnsaBart fja nogo0bpAT CbCTOAHNETO Ha
nauueHTa, KOeTo noguepTaBa orpaHUYeHnATa Ha
eMnupuyHaTa aHTMOMOTMYHA Tepanusi B epaTa
Ha HapacTBallaTa pe3UCTeHTHOCT. EBeHTyanHuAaT
ycnex Ha doxycycline, KbM KOWTO LAMbT € uyB-
CTBUTENEH, NojyepTaBa 3HAaYeHUETO Ha CBoOe-
BPEMEHHOTO U3C/iefiBaHe Ha aHTUMMKpPOOHaTa
YyBCTBUTENHOCT M HEOOXOAMMOCTTA OT aNiTepHa-
TUBHU Bb3MOXHOCTV 3a JleueHme.

Bbnpeku ye naumeHTKaTta HAMa TpPagULMOH-
HU puckoBu dbaKTopy 3a aHTMOMOTNYHA pe3unc-
TEHTHOCT, KaTo CKOPOLUHA XoCnuTanmsaumsa nuim
XPOHUYHO 3abonsABaHe, HENHUAT Clyyali NoKas-
Ba, Ye MDR rHbeKuun morat fa Bb3HMKHAT Npu
MHauve 34paBu xopa. ToBa e B CbOTBETCTBUE C MO-
cnegHuTe CboOLLeHUs 3a NpUao6UTK B 06LEeCT-
BOTO MDR nMHEBMOKOKOBU MH$EKLMM, KOUTO BCE
Mo-yecTo ce HabngasaT Npu Miagu, NMyHO-
KOMMeTeHTHN naumeHTn [6]. [MpekomepHaTa 1
HenpaBwiHaTa ynoTpeba Ha aHTUOMOTNLM KaKTo
B XyMaHHaTa MeAuuMHa, Taka U B CENICKOTO
CTOMaHCTBO ca K/to4YoBM GaKTopu 3a pe3ncTeHT-
HocT [4].

3aknioueHne

To3n cnyyan Ha MDR nHeBMOKOKOBa NHeB-
MOHWA Crief rpyn Npu Mmnag, uHave 3apas YoBeK
noguepTaBa NPOMeHALNUTe ce Npean3BuKaTen-
CTBa NpW NIeUEHMETO Ha PecnpPaTopHU NHbEK-
Lun B epaTa Ha aHTMOMOTMYHATA PEe3UNCTEHTHOCT.
Ton noguepTaBa 3HaYeHMETO Ha PaHHaTa MUK-
pobronornyHa AnarHoCTrKa, N3C/iefBaHeTo Ha
AHTUMUKPOOHaTa YyBCTBUTENHOCT U UHOUBW-
JyanusvpaHaTta aHTUOMOTMNYHa Tepanus, KakTo 1
Heo6XxoAMMOCTTa OT MO-LUMPOKMN yCunua B 06-
nacTTa Ha oOLlecTBeHOTO 3apaBe 3a 6opba ¢
pe3nCTeHTHOCTTA.

Discussion

Multidrug resistance (MDR) is defined as
resistance to =3 antibiotic classes (usually (-
lactams, macrolides, tetracyclines, quinolones
and sulfonamides), which is increasing world-
wide and represents more than 30% of pneumo-
cocciasreviewedin 2007 [6].

This case highlights the emerging challenge
of MDR microorganisms, particularly in young,
otherwise healthy individuals without traditio-
nal risk factors. Streptococcus pneumoniae is one
of the most common pathogens implicated in
post-influenza bacterial pneumonia, and its
resistance to multiple antibiotics is a significant
publichealth concern[71].

The antibiogram of the isolated S. pneumo-
niae strain revealed resistance to multiple anti-
biotics, including azithromycin, ciprofloxacin,
clarithromycin, clindamycin, erythromycin, imi-
penem, levofloxacin, and oxacillin. This pattern
of resistance is consistent with the global rise of
MDR pneumococcal strains, which are increa-
singly reported in both community and health-
care settings [8]. The initial treatment with levo-
floxacin and subsequent meropenem failed to
improve the patient's condition, underscoring
the limitations of empiric antibiotic therapy in
the era of rising resistance. The eventual success
of doxycycline, to which the strain was suscepti-
ble, highlights the importance of timely antimic-
robial susceptibility testing and the need for
alternative treatmentoptions.

While the patient had no traditional risk fac-
tors for antibiotic resistance, such as recent hos-
pitalization or chronic illness, her case illustrates
that MDR infections can occur in otherwise he-
althy individuals. This aligns with recent reports
of community-acquired MDR pneumococcal
infections, which are increasingly observed in
young, immunocompetent patients [6]. The
overuse and misuse of antibiotics in both human
medicine and agriculture are key drivers of
resistance [4].

Conclusion

This case of post-influenza MDR pneumococ-
cal pneumonia in a young, healthy individual
highlights the evolving challenges in managing
respiratory infections in the era of antibiotic
resistance. It underscores the importance of
early microbiological diagnosis, antimicrobial
susceptibility testing, and tailored antibiotic
therapy, as well as the need for broader public
health efforts to combat resistance.
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MUKPOBOM NP NALMERTK
C KAPLUMHOM HA BENTUA IPOB — YACT 2

M. HaueBa-CokonoBa', H. ilnes?, . KoctagnHos?

' Otaenenue no Mynmonorus, Bropa MBAJT - Codus EAL]
? Katenpa no 6enoapo6Hu 6onect, MeanLmHcKn dakynTer,
MepnumHckn yHusepcutet - Codua

Pesiome

MHOXeCTBO NMMHMWN Ha KNIVHUYHY HabnoheHns npegnonarat Bpb3KaTa MexXay anucbuosarta Ha
6enoapobHVA MUKPOobKoM 1 paka. C nosiBaTa Ha BUCOKOMNPOWU3BOAUTENHN TEXHUKMN 3a CEKBEHMPaAHE,
HapacTBaLll 6poi NpoyYBaHUs pPa3Kpyrixa CUIHaTa BPb3Ka MeXay oKasnHaTta ancbuosa n 6enogpobHus
pak. benofpobHaTa MMKPOOKOTa MOXe Aia perynmpa cneundruyHnN OHKOreHHN MbTULLA, KOUTO AUPEKTHO
CTVMYNPAT KaHLieporeHesaTa, Tbil KaTo peanua 6akTepuasnHi MeTabonmnT ca 3aMeceH B perynmpa-
HeTO Ha MeTabosiM3mMa Ha rOCTOMPUEMHMUKA W CUTHASIHATE MbTMILA U € Bb3MOXKHO NPOMsiHaTa Ha
nony4yeHnTe oT 6aKTeEPUN MONEKYNM B Pe3y/TaT Ha AncO1o3a B MUKpOCpeaaTa Ha TYMopa Aa NoBvsAe Ha
MeTabonnM3ma U OHKOreHHOTO CUrHanM3upaHe Ha 6enoapobHUTEe PaKoBU KNeTKu. Bb3 ocHoBa Ha
HaCTOALLMTE HM NO3HAHWSA 32 B3aUMOJECTBUETO rOCTONPUEMHUK-MUKPOONOM Mpu paK Ha 6enuns apob,
n3cneaBaHUsITa B Ta3uy 06n1acT HanpeaBaT KbM Te31 IBE OCHOBHM MOCOKU: OT MbPBOCTENEHHO 3HaUeHVe e
[la ce pa3bepe Kak MUKpOOUOTaTa ce pa3BUBa CbBMECTHO C TYMOPUTE MO BPEME Ha UHMLUMPAHETO U
nporpecnpaHeTo Ha PakKa, 3a Aa ce nageHTUdGMLUMpPaT NPOMeHUTe B BaKTepManHNA CbCTaB, KOJIMYECTBO,
pa3Hoobpasye 1 MeTaboNMTHa akTVBHOCT, KOVMTO MOFaT fja Ce M3MOoJ3BaT KaTo HafieXAH1 GuomapKepm 3a
[VArHoCTVKa Ha pak Ha 6enuna apo6 1 BTOPOTO € Aa Ce U3ACHAT AOMbIHUTE/THO KNETbYHUTE 1 Mose-
KyNAPHUTE MeAUATOPU Ha B3aUMOZENCTBUETO FOCTONPUEMHUK-MUKPOOMOTa, KOUTO MoraT fga 6baat
TepaneBTUYHO HACOUYEHN 3a SleueH e Ha pak Ha 6enuns Apoo.

KnouoBu gymu: 6enoppobeH MUKpobuom, pak Ha 6enmvsa ipo6, fncbrosa, KaHueporeHesa
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Abstract

Multiple lines of clinical observations suggest a link between lung microbiome dysbiosis and
cancer. With the advent of high-throughput sequencing techniques, a growing number of studies have
revealed the strong link between local dysbiosis and lung cancer. Lung microbiota may regulate specific
oncogenic pathways that directly promote carcinogenesis, as a number of bacterial metabolites are
implicated in the regulation of host metabolism and signaling pathways, and it is possible that alteration
of bacteria-derived molecules as a result of dysbiosis in the tumor microenvironment may affect
metabolism and oncogenic signaling of lung cancer cells. Based on our current knowledge of the host-
microbiome interaction in lung cancer, research in this field is progressing in these two main directions: it
is of paramount importance to understand how the microbiota co-evolve with tumors during cancer
initiation and progression , to identify changes in bacterial composition, quantity, diversity and
metabolic activity that can be used as reliable biomarkers for lung cancer diagnosis and the second is to
further elucidate the cellular and molecular mediators of the host-microbiota interaction that can be
therapeutically targeted for the treatment of lung cancer.
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MHoro6poliH1 Npoy4BaHmWs npe3 nocnegHu-
Te ABe feCeTUNIeTUs ca N3caefBanm B3aumogei-
CTBUATA MeXAY roCTONpPrEeMHMKA U MUKPOOKWO-
Ma 11 Ca NoKa3asiv BaXkHaTa posis Ha MUKpobrioma
B PErynMpaHeTo Ha PasnnyHy GU3MONOTUYHN 1
NaTONOrMYHM MpoLecy Ha FoCTONPUEMHUKA,
BK/IIOUUTESTHO KaHLieporeHesarta.

MHOXeCTBO NMMHWM Ha KIIMHUYHWU Habnoge-
HMA Npefnonarat Bpb3kaTa Mexay Anucbrosara
Ha 6enoapobHUs MUKpobrom u paka. C nosieata
Ha BMCOKOMPOW3BOAUTENHN TEXHUKM 33 CEKBe-
HMpaHe, HapacTBaLy 6poli NpoyYBaHWA pa3Kpu-
Xa CUNHaTa Bpb3Ka MeXJy okasnHaTta gucbuosa
n6enoapobHuA pak.

Bbnpeku ycTaHOBeHaTa Bpb3Ka MeXay KaH-
LieporeHesaTa 1 NpomMeHeHaTta 6enogpobHa mu-
KpoburoTa, ocTaBa HesICHO Aanu 6enofgpobHUAT
MUKPOOVOM MMa NpUUNHEH edeKT npu pasBu-
TUETO Ha paK Ha 6enus Apob 1 fanu moxe fa
O6bfe TepaneBTMYHA LieN 3a JleYeHne Ha paK Ha
6enna gpob, KaTto 3a fa ce OTroBOPU Ha TO3M
BBMNPOC, OT KJ/IIOUYOBO 3HAUEHME € Aia Ce U3ACHU
ponaTa Ha MUKpobuoTaTa B benoapobHata Kap-
LUMHOreHe3a 1 fa ce aHanM3upaT MexaHu3MunTe,
ypes KoUTo MUKpobroTaTta perynmpa UHULMK-
paHeTo 1 nporpecrMpaHeTo Ha Tymopa (1). Mo-
JOOHO Ha KOHCTaTauumUTe 3a YpeBHATa MUKPO-
6uoTa, ce npeanonara, Yye 6eno4podHMAT MU-
Kpobrom Moxe fia fonpuHece 3a 6enogpobHata
TYMOpPOreHe3a WM uYpes3 AUPEKTHO [eicTBre
BbPXY TYMOPHUTE KNETKWU, UAN UHANPEKTHO
ypes MoaynrpaHe Ha CBbP3aHUs C TYMopa My-
HeH oTrosop (1).

BenogpobHaTa MUKpPOOKOTa MOXe fa pery-
nupa crneunduUUHN OHKOTEHHU MbTULLA, KOUTO
OVPEKTHO CTMMynMpaT KaHueporeHesara, Tbil
KaTo pepuLa 6bakTepmanHu metabonntu ca 3ame-
CEHU B perynMpaHeTo Ha MeTabonunsma Ha rocto-
NPUeMHMKa 1 CUrHanHUTe NbTuwa (2) 1 e Bb3-
MO>KHO MPOMSAHATa Ha NoslyyeHuTe oT bakTepuun
MOJIEKY NI B pe3ynTaT Ha Ancbrosa B MUKpocpe-
JaTa Ha TymMmopa Aa noenvse Ha MeTabonuama u
OHKOreHHOTO CUrHanu3npaHe Ha 6enogpobHuTe
pakoBwu kneTku (1). B nogkpena Ha ToBa CxBalya-
He ce cboOllaBa, Ye MecTHaTa MMKpobroTa Ha
naumneHTn ¢ pak Ha 6enua Apob nokasea Hama-
neHo n3obunue Ha KEGG mogynute Ha eHepruii-
HUA meTabonnsbm 1 ABC-Tvn TpaHCNopT, C NoBK-
WEeHN MOAYNM, yYyacTBalyM B MeTabonmsma Ha
AMUHOKUCENMHUTE, NUNUAHUA MeTabonunsbm,
6uopasrpaxaaHeTo Ha KCeHOBMOTMLUTE U MeTa-
6onu3ma (3,4). To3nm NpomMmeHeH MUKPOOEH MeTa-
6onuteH Npodun mMoxe LOMbAHWUTENHO fa Mo-
B/IMSAE Ha FEHHUTE EKCMPecuy B enuTeNiHuTe
KNeTKW Ha AuxaTtesnHuTe nbTuwa. lMokasaHo e, ve
in vitro CTUMynuMpaHeTo Ha KNneTbyHa JINHUSA
A549 Ha yoBelLLKK 6enofpobeH ageHOKapLUHOM
c 6akTepuanHy NpPOAyKTU, CUHTE3MpPaHU OT
GaKTepun Npv NaLMeHTX C paK Ha 6enna poo6,

Numerous studies over the past two decades
have investigated host-microbiome interac-
tions and demonstrated the important role of
the microbiome in regulating various host
physiological and pathological processes, inclu-
ding carcinogenesis.

Multiple lines of clinical observations suggest
a link between lung microbiome dysbiosis and
cancer. With the advent of high-throughput
sequencing techniques, a growing number of
studies have revealed the strong link between
local dysbiosisand lung cancer.

Despite the established link between carci-
nogenesis and altered lung microbiota, it re-
mains unclear whether the lung microbiome has
a causal effectin the development of lung cancer
and whetheritcan be atherapeutic target for the
treatment of lung cancer, as to answer this
question, by it is key to elucidate the role of the
microbiotain lung carcinogenesis and to analyze
the mechanisms by which the microbiota regu-
lates tumor initiation and progression (1). Similar
to the findings for the gut microbiota, it has been
suggested that the lung microbiome may
contribute to lung tumorigenesis either by direct
action on tumor cells orindirectly by modulating
the tumor-associated immune response (1).

Lung microbiota may regulate specific onco-
genic pathways that directly promote carcinoge-
nesis, as a number of bacterial metabolites are
implicated in the regulation of host metabolism
and signaling pathways (2) and it is possible that
bacteria-derived molecules may be altered as a
result of dysbiosis in the tumor microenviron-
ment. to affect the metabolism and oncogenic
signaling of lung cancer cells (1). In support of
this notion, it has been reported that the local
microbiota of lung cancer patients shows
reduced abundance of the KEGG modules of
energy metabolism and ABC-type transport,
with increased modules involved in amino acid
metabolism, lipid metabolism, xenobiotic bio-
degradation and metabolism (3,4). This altered
microbial metabolic profile may further influen-
ce gene expressions in airway epithelial cells. In
vitro stimulation of the human lung adenocarci-
noma cell line A549 with bacterial products
synthesized by bacteria in lung cancer patients
has been shown to increase the expression of
genes involved in the PI3K and ERK1/2 signaling
pathways, which is consistent with transcrip-
tomic changes observed in the lung of cancer
patients compared to healthy individuals (5).



MoBULLIABa EKCNpecusaTa Ha reHu, yyacTeallm B
PI3K 1 ERK1/2 cMrHanHums nbT, KOETO e B CbOTBET-
CTBUE C TPAHCKPUNTOMHITE MPOMEHU, Habnoaa-
BaHW B 6enna 4po0b Ha NauMeHTU C pak B CpaBHe-
HUe Ccbc 3apaBu nHausuam (5). BaxkHo e, ye pery-
NMpaHeTo Ha NbTA Ha PI3K ce cunTa 3a paHHO Cb-
6uTne B NpoLieca Ha 6enogpobHa TymoporeHesa
(6), KoeTo nMpegnonara nNpsaka Bpb3Ka Mexay
6enoapobHaTa MMKPOOMOTa 1 OHKOreHe3aTa.
OcBeH TOBa € [10Ka3aHo, Ye MMKpoObMoTaTa
odopma UMyHHaTa MUKpocpeaa B benua apoo,
3a fja CTUMynuMpa pactexa Ha Tymopa (1). Mpexa
oT 6enoApPo6HN UMYHHUN KNETKN NOAAbP»Ka XO-
MeocTa3aTa Ha 6enofpobHaTta TbKaH B CTaLmo-
HapHO CbCTOAHUE M OCUTYPABA MMYHHA 3alymTa
B OTFOBOP Ha HaxJlyBaww natoreHn (7). Pa3su-
TUETO Ha pakK Ha 6enusi Apob e TACHO CBbP3aHO C
XPOHNYHO Bb3MnasieHne, Xxapaktepusmpatlo ce ¢
MHOUNTPaLMA Ha Bb3NaNUTENHN KNETKM U Ha-
TpynBaHe Ha MPOBb3NaNUTENHU GaKTOPU, BKIIO-
YNTESNHO LIUTOKMHM, XeMOKUHW U NpOoCTarnaHam-
HU, KOUTO CTUMyNMpaT KneTbyHa nponudepa-
LUs, aHTMoreHesa, TbKaHHO peMogenupaHe um
MeTacTasn (8). Bbnpekn ToBa, U3TOYHMKBLT Ha
Bb3ManeHne He e ACHO AePpUHNPaH N MPUHOCHT
Ha cneynduUHM KNeTbUHU U MONEKYNAPHU
KOMMOHEHTN Ha MMyHHaTa cUcTeMa OcCTaBa fJa
6bae onpegeneH (1). M3non3ealiky aBTOXTOHEH
GEMM Ha 6enonpobeH ageHOKapuMHOM, 3a-
[BVXBaH OT aKTMBMpALLA TOYKOBa MyTauus Ha
KRAS un 3ary6a Ha p53, npoyuBaHe feMOHCTpUpa
KpUTUYHATA pofisi HA MUKPOOUOTA-MMYHHNA
KPbCTOCAH OTFOBOP Mpu NpeansBUKBaHe Ha
Bb3naneHvie n 6enoapobHa TymoporeHesa (9).
PactexxbT Ha 6enofpobHNA TyMOp e CBbP3aH C
NoBMLLEHO GaKTepranHO HaTOBapBaHe M NpoMme-
HeH GaKTepuaneH CbCTaB B AUXATENHUTE MbTU-
wa. Ta3n HeperynMpaHa nokanHa MUKpobuoTa
ctumynmpa Myd88-3aBUCMMOTO NPOM3BOACTBO
Ha IL-1 n IL-23 oT MnenonaHn Knetku, npeams-
BUKBaKn nponudepauynsa 1 akTMBMpaHe Ha
6enogpobHn Vy6+Vo1+ yo T knetku (1). Cnep
ToBa Te3n yO T knetkn npowmssexaaT IL-17 3a
HacbpyaBaHe Ha HeyTpoduIHa MHPUNTPALMA 1
Bb3nasieHre B TYMOpHaTa MUKpOCpeaa 1 Cbllo
ekcnpecupat IL-22, amuperynuH n gpyrm
epeKTOpHM MONeKyNn 3a AUPEKTHO YCUIIBaHE Ha
nponudepauuaTa Ha TyMmOpHUK KneTtku (1). Enn-
MUHUPAHETO Ha KOMEHCanHu GakTepum upes
CUCTEMHO aHTUOUOTUYHO JleueHne uay NoBTop-
HO M3BeX[aHe Ha MULIKWTE [0 CbCTOsAHME 6e3
MUKpo6u (GF), KakTo 1 651oknpaHe Ha yd T unu IL-
17 Hapony no BepuraTa 3HauyMTeNHO MOTWCKa
pacTexa Ha Tymopa B 6enusa gpob (1). Mpomo-
TUpaLlaTa Tymopa ponsa Ha MukpoburoTaTta, n3s-
CHEeHa B eJHO NpOoyYBaHe, NoKa3Ba, Ye fneyeHue-
TO C aep030JieH BaHKOMMLMH U HEOMULVH Hama-
nABa UMMNIAHTUPAHETO Ha TyMopa. JledeHneTo ¢
AepOo30/IHN aHTMOMOTULM BOAM AO HAMANIEHO

Importantly, upregulation of the PI3K pathway is
considered an early event in the process of lung
tumorigenesis (6), suggesting a direct link bet-
ween the lung microbiotaand oncogenesis.

In addition, the microbiota has been shown
to shape the immune microenvironment in the
lung to promote tumor growth (1). A network of
lung immune cells maintains steady-state lung
tissue homeostasis and provides immune defen-
se in response to invading pathogens (7). The
development of lung cancer is closely related to
chronicinflammation, characterized by the infilt-
ration of inflammatory cells and the accumula-
tion of proinflammatory factors, including cyto-
kines, chemokines, and prostaglandins, which
stimulate cell proliferation, angiogenesis, tissue
remodeling, or metastasis (8). However, the
source of inflammation is not clearly defined,
and the contribution of specific cellular and
molecular components of the immune system
remains to be determined (1). Using an auto-
chthonous GEMM of lung adenocarcinoma dri-
ven by an activating point mutation of KRAS and
loss of p53, a study demonstrated the critical role
of microbiota-immune crosstalk in inducing
inflammation and lung tumorigenesis (9). Lung
tumor growth is associated with increased
bacterial load and altered bacterial composition
in the airways. This dysregulated local micro-
biota stimulates Myd88-dependent production
of IL-18 and IL-23 by myeloid cells, inducing
proliferation and activation of lung Vy6+V51+ y6
T cells (1). These y& T cells then produce IL-17 to
promote neutrophil infiltration and inflamma-
tion in the tumor microenvironment and also
express 1L-22, amphiregulin, and other effector
molecules to directly enhance tumor cell prolife-
ration (1). Elimination of commensal bacteria by
systemic antibiotic treatment or reintroduction
of mice to a germ-free (GF) state, as well as bloc-
kade of downstream y6 T or IL-17, significantly
suppressed tumor growth in the lung (1). The
tumor-promoting role of the microbiota elucida-
ted in one study showed that treatment with
aerosolized vancomycin and neomycin reduced
tumor implantation. Treatment with aerosolized
antibiotics results in decreased production of IL-
10 Tregs and increased activation of the antitu-
mor NK and T cell response, thereby alleviating
immune suppression in the tumor microenviron-
ment (10).
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npon3BoAcTBo Ha IL-10 Tregs 1 NoBMLWEHO aKTu-
BMpaHe Ha aHTUTyMopHMA NKun T KneTbueH oTro-
BOP, KaTo Mo TO3M HauuH obneKkyaBa MMyHHaTa
cynpecus B TyMmopHaTta Mukpocpepga (10).

Chujo Taka cTaBa ACHO, ye cneuynduUHUAT
6aKTepurasneH CbCTaB Ha 6enuva apob e KNoyoB 3a
perynupaHe Ha 6enogpo6HOTO Bb3naseHue,
0CO0OEHO B KOHTEKCTa Ha pak. YCTaHOBEHO €, Ye
Je-penpecusaTa Ha aHTUTYMOPHMUA UMYHUTET €
CBbp3aHa C NpemuHaBaHe OT Firmicutes Kbm
Proteobacteria vnu ppyrn rpam-nosoXnTenHm
MUKPOOW, @ He KbM CneunduyHn BUAOBE Clief
aHTMOMOTUYHO neyeHue (10). CnegoBaTenHo
6anaHCbT Mexay pasnuuyHuTe 6akTepuanHu
TaKCOHM B 6enusa opob m3rnexga e ot 0cobeHo
3HaueHue 3a noafbpKaHe Ha MecTHaTa UMyHHa
xomeocTasa (1). JonbnHWUTeNHO NoAKpenAnkn
ToBa, Segal et al. oTKpuxa, ye oboraTaBaHeToO C
opanHu GakTepuanHU TakCoHU B 6enusa apoob,
kato Prevotella n Veillonella, e cBbp3aHO C Bb3-
nanuteneH GbeHOTWN, BKIYMNTENHO MOBULLIEHO
H1BO Ha Th17 numdoumnTy, noBuLeHa eKcnpe-
CUSi Ha BbB3MAMTENHN LUTOKUHU U NPUTBMEH
OTroBOp Ha anBeosiapeH Makpodar TLR4 (11). B
JOOMbJIHEHVE, MPEANLLIHO MPOYyYBaHE MOKa3Ba,
ye HeMmoCpeaCTBEHO cflell paXkaaHeTo NpeMuHa-
BaHeTo OT npeobnapaBaHe Ha Gammaproteo-
bacteria v Firmicutes kbM Bacteroidetes Hacbp-
YyaBa npexofHa ekcnpecua Ha PD-L1 B 6eno-
Apo6Hn CD11b+ CD103-geHAPUTHU KNETKH,
perynupankmn perynatopHata T-KneTbyHa akTu-
BaLuA 1 o6LWMA aepoanepreHeH OTroBop B [ABY-
ceiMUYeH npo3opel cnep pakgaHeTo (12). Bb-
npeku Yye ToBa cneundUUYHO NPoyyUBaHe He 06-
CbX[a To3U epeKT Npu pak, € Bb3IMOXKHO NPOMsi-
HaTa Ha baKTepuranHoTo pa3Hoobpasue ja MoXKe
Ja perynupa Kaw4yosBu Monekynm kato PD-LT,
KaKTO 1 Pas3fiyHy BPOLEHWN U afanTUBHU UMYH-
Hu nonynaymun. O6006LeHo, Te3M NPOoyYBaHMWA He
caMo faBaT npefctaBa 3a B3auMOAeNCTBMETO
roCToNpPrUEeMHUK-MUKPOOUOM Npu pak Ha 6enun
[po6, HO CbLUO Taka onpefensaT HOBW Lienu 3a
npeBeHLMA 1 neveHne Ha 6enoapobHus pak(1).

CToMaLIHO-YPEBHUAT TPAKT CbAbpxKa 99% ot
KOMeHcarnHaTa 6akTepuasnHa Maca Ha YoBeLLKUs
MUKpobrom. [IBynocouHaTta Bpb3Ka Mexzay uep-
BaTa 1 6enuTte opoboBe e fO6pPe NpoyyeHa 1 Nno-
paHo 6Gelle yCTaHOBEHO, Ye YpeBHaTa MUKPO-
6uoTa perynupa 6enogpobHNA UMyHeH OTFOBOP
npu anepruyHn 3abonABaHUA Ha AuXaTenHuUTe
nbvTrwa n 6enogpobHa BUPYCHa MHPeKL A
(13-15). YpeBHaTa MUKPOOMOTa CbLLIO Ce oUep-
TaBa KaTo 6UOMapKep 1 perynaTop KakTo Ha Ty-
MOpOreHe3aTa, Taka 1 Ha OTroBOpa Ha roCcTonpu-
€MHMKa KbM TepanusTa Ha pak. IHTepecHo e, ye
MaKap uye e YyCTaHOBEHO, Ye YypeBHaTa MUKPO-
61OTa HaCcbpyaBa JTOKANIHO Bb3MaNieHMe U pas-
BMTME Ha CTOMALLHO-YPEBHUN PakoBU 3abonsBa-
HuA (16,17), nsrnexaa, TA ynpaxHasa NpoTUBO-

It is also becoming clear that the specific
bacterial composition of the lung is key to
regulating lung inflammation, particularly in the
context of cancer. De-repression of antitumor
immunity was found to be associated with a shift
from Firmicutes to Proteobacteria or other Gram-
positive microbes rather than to specific species
after antibiotic treatment (10). Therefore, the
balance between different bacterial taxa in the
lung appears to be of particular importance in
maintaining local immune homeostasis (1).
Further supporting this, Segal et al. found that
enrichment of oral bacterial taxa in the lung,
such as Prevotella and Veillonella, was associated
with an inflammatory phenotype, including an
increased level of Th17 lymphocytes, increased
expression of inflammatory cytokines, and a
blunted alveolar macrophage TLR4 response
(11). In addition, a previous study showed that
immediately after birth, a shift from predomi-
nance of Gammaproteobacteria and Firmicutes to
Bacteroidetes promotes transient expression of
PD-L1 in lung CD11b+ CD103-dendritic cells,
regulating regulatory T-cell activation and the
overall aeroallergen response in a two-week
window after birth (12). Although this specific
study did not discuss this effect in cancer, it is
possible that changing bacterial diversity could
regulate key molecules such as PD-L1 as well as
different innate and adaptive immune popula-
tions. Taken together, these studies not only pro-
vide insight into the host-microbiome interac-
tion in lung cancer, but also identify new targets
forlung cancer preventionand treatment(1).

The gastrointestinal tract contains 99% of the
commensal bacterial mass of the human micro-
biome. The bidirectional relationship between
the gut and the lung has been well studied, and
the gut microbiota has previously been found to
regulate the pulmonary immune response in
allergic airway diseases and pulmonary viral
infection (13-15). Gut microbiota has also emer-
ged as a biomarker and regulator of both
tumorigenesis and host response to cancer the-
rapy. Interestingly, although the gut microbiota
has been found to promote local inflammation
and development of gastrointestinal cancers
(16,17), it appears to exert an opposite effect on
transplanted tumors at distal sites by priming the
host immune system and enhancing the syste-



nonoeH ebekT BbPXy TPaHCMNAHTUPaHUTE Ty-
MOPW B ANCTAJTHUTE MECTA, KaTo NOATroTBA UMYH-
HaTa CMCTeMa Ha rOCTOMPUEMHMKA 1 NMOBULLIABa
CUCTEMHUA aHTUTYMOPEH UMYHeH oTrosop (18).
M3non3Baky Mofien Ha TpaHCMIaHTUPaHa MUILL-
Ka, NpelyuHN Npoy4YBaHWA MOKa3BaTt, ye nep-
OpaNHOTO JleYyeHne C aHTUOMOTULUM MOXe Aa
MOBMLUM YyBCTBUTENTHOCTTA KbM GenoppobeH
KapuvHoMm Ha Lewis (19) n ga Hamann NpoTMBoO-
pPaKoBUA OTFOBOP Ha XMMUOTEpaneBTUYHUA
areHT umcnnatrHa (20). B 3abenexuTenHo npo-
yyBaHe Ha Routy et al. 6ewe nokasaHo, uye
naumMeHTUTe C HanpegHan HefpeOHOKNeTbYeH
pak Ha 6enva opob, KOUTO ca Npuemanyt aHTu-
6UOTULM MEPOPASTHO MAJIKO MPean Wnn cneq
NMbpBOTO MpunoxeHne Ha PD-1/PD-LT mAb, ca
HaManuayM 3HAUUTENTHO MPEXMBAEMOCTTa 6e3
nporpecus n obwarta npexmsaemocT (21). Mo-
[06HO 3aK/toueHe Gelle HanpaBeHo 1 OT MHOTO
Apyrv npoyyBaHua (22-24). Kato ce nma npeg-
BWA, Ye UPEBHUAT MMKPOOMOM e OCHOBHaTa Lien
Ha NepopanHOTO aHTUOMOTUYHO JleyeHre, Te3n
OTKPUTWA NpeAronarat, Ye AgucTasHata YpeBHa
MUKpPO6GMOTa MOXe VHAUPEKTHO Aa perynupa
pa3BUTMETO Ha paK Ha 6enva gpob n Tepanes-
TUYHaTa ePUKACHOCT Ha XUMMOTepanuaTa Unm
UMyHOTepanuaATa Ypes peryivmpaHe Ha CUCTEM-
HUA MyHeH otrosop (1). Te3n npoyuBaHuA ce
doKycupaT rnaBHO BbpPXy HaTOBapBaHETO U
pa3HoObpasmneTo B UPEBHUSA MUKPOOMOM 1 He
n3cnepBaT cneymanHo npomeHuTte B 6enofpob-
HUA MUKPOOMOM. EQHO cpaBHUTENHO HOBO NpPO-
yuBaHe onucBa Kak Aucbuosata Ha [ONHUTE
OVXaTenHU NbTUla BOAM A0 MO-Nola nporpe-
cna Ha NSCLC n HamaneHa npexusaemocT. Tsay
et al. koHcTaTnpar, ue Veillonella parvula e Hai-
pa3npoCTPaHEHUAT TaKCOH, YMpaBnABaLy Ta3u
OMcObMoTNYHa acoLmaLms, KOeTo Boan [O pery-
nupaHe Harope Ha IL17, PI3K, MAPK n ERK nb-
TULLATa B TPAHCKPUNTOMA Ha AMXaTeNHUTE MbTh-
wa. N3nonsearikn cnep toea V. parvula 8 mywn
KP mogen Ha pak Ha 6enusa gpob, xapakTtepusu-
paT MexaHU4YHUTe edeKT BbPXY JONHWTE AnXa-
TenHu nbtrwa Ha CD4+ n CD8+, HeyTpodunuTe
1 HabupaHeTto Ha Th17(25). Cbuwio Taka, Peters et
al. Hackopo gemoHcTpupaxa uype3 16s rRNA
reHHO CeKBeHMpaHe Ha 6enoapobHu Npobu ot
naumeHtn ¢ NSCLC, ye 6enogpobHaTta TyMOpHa
TbKaH € CBbp3aHa CbC 3HAUYUTENTHO MO-HUCKO
6aKkTepuranHo 60raTtcTBo 1 pasHoobpasue n ye
NPOMeHNTE B OTHOCUTEIHOTO 1306Unve Ha ce-
MelncTBa Kato Koribacteraceae, Bacteroidaceae,
Lachnospiraceae n Ruminococcaceae ca cBbp3a-
HW C NOBMLUEHA WM HamasleHa NpPeXnBAemMocT
6e3 peunaneu n 6e3 3abonsiBaHe (26). AcHo e, ue
npu NauMeHTn ¢ pak Ha 6enua apob e Heobxo-
AVMO [ia Ce M3BbPLUM MO-3aAb/I00YEH aHaNuM3
KOHKPETHO Ha ponATa Ha 6enoapobHuTe bakTe-
pun 1 fa ce HanpaBAT ONWTU Aa ce mu3onmpat

mic antitumor immune response (18). Using a
transplanted mouse model, previous studies
have shown that oral antibiotic treatment can
increase susceptibility to Lewis lung carcinoma
(19) and reduce the anticancer response to the
chemotherapeutic agent cisplatin (20). In a
landmark study by Routy et al. showed that
patients with advanced non-small cell lung
cancer who received oral antibiotics shortly
before or after the first administration of PD-
1/PD-L1 mAb had significantly reduced progres-
sion-free survival and overall survival (21). A
similar conclusion was drawn by many other
studies (22-24). Given that the gut microbiomeiis
the primary target of oral antibiotic treatment,
these findings suggest that the distal gut micro-
biota may indirectly regulate lung cancer deve-
lopment and the therapeutic efficacy of chemo-
therapy or immunotherapy by regulating the
systemic immune response (1). These studies
focused mainly on the load and diversity in the
gut microbiome and did not specifically examine
changes in the lung microbiome. A relatively
new study describes how dysbiosis of the lower
respiratory tract leads to worse progression of
NSCLC and reduced survival. Tsai et al. found that
Veillonella parvula was the most abundant taxon
driving this dysbiotic association, leading to up-
regulation of IL17, PI3K, MAPK and ERK pathways
in the airway transcriptome. Using V. parvulaiin a
murine KP model of lung cancer, they then
characterized the mechanical effects on lower
airway CD4+ and CD8+ neutrophils and Th17 re-
cruitment (25). Also, Peters et al. recently demon-
strated by 16s rRNA gene sequencing of lung
samples from NSCLC patients that lung tumor
tissue is associated with significantly lower
bacterial richness and diversity and that changes
in the relative abundance of families such as
Koribacteraceae, Bacteroidaceae, Lachnospira-
ceae and Ruminococcaceae are associated with
increased or reduced relapse-free and disease-
free survival (26). Clearly, in patients with lung
cancer, a more in-depth analysis specifically of
the role of lung bacteria and attempts to isolate
these effects from the effects of the gut flora
needs to be made, considering on the other
hand, that the development of lung cancer is
also associated with changes in the gut micro-
biome (1). A recent study found a significant
difference in the beta-diversity, but not the
alpha-diversity, of the gut microbiota in lung
cancer patients and healthy controls, with a
particular overrepresentation of Enterococcus in
faecal material from lung cancer patients (27) .
Similarly, several other bacteria, including
Streptococcus, Prevotella, Blautia, Coprococcus,
Bifidobacterium and Lachnospiraceae, have been
found to be enriched in the gut microbiota of
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Te3n epekTn oT edpeKkTUTe Ha YpeBHaTa dropa,
KaTo ce B3emMa NpefBuAa OT Apyra CTpaHaue
pa3BUTMETO Ha pak Ha 6enus Apob CbLLo e CBbP-
3aHO C MPOMEHU B MUKpobroma Ha yepBaTa.(1).
CKOPOLWHO MpOYy4YBaHe YCTAaHOBM 3HauMTeNHA
pa3nvka B 6eTa-pa3Ho06pa3neTo, HO He 1 B al-
¢$a-pa3Hoobpa3MeTo Ha YpeBHaTa MUKPOOMOTa
npv NaumeHTn C pak Ha 6enva gpob u 3ppasu
KOHTPOMHU MHAUBMAW, C OCOGEHO CBPbBXMNpES-
CTaBsiHe Ha Enterococcus BbB dpeKkanHuna matepu-
an oT NauueHTn C pak Ha benua gpob (27). Mo
nofo6eH HauMH e yCTaHOBEHO, Ye HAKOMKO ApY-
rv 6akTepun, BKNOUMTENHO Streptococcus, Prevo-
tella, Blautia, Coprococcus, Bifidobacterium n
Lachnospiraceae, ca oborateHn B 4YpeBHaTa
MUKpPOOKOTa Ha NaLMeHTU C pak Ha 6enva apob
(28). B gonbnHeHne, Ming 1 ap. Nokaseart, ye
MUKPOOMOMBT Ha YepBaTa Npu NauueHTn ¢ pak
Ha 6enus gpob Mma no-HUCKO usobunue ot
Prevotella, Ho No-BNCOKO HUBO Ha Actinomyces n
Streptococcus. VIHTepecHo e, ye NpomsiHaTa Ha
MMKpoOrOMa Ha YepBaTa Npu NaLMEHT C pak Ha
6enusa opob usrnexaa 3aBUCU OT pPasnyHUTE
noaTUNoBe Ha pak Ha 6enua Apob: No-HUCKO
anda pa3Hoobpasne Ha MMKPOOMOMa Ha YepBa-
Ta ce HabntogaBa camo Npu NauneHTn ¢ apebHo-
KneTbyeH pak Ha 6enva gpob, HO He U C aaeHo-
KapUMHOM UMM TJIOCKOKNIETbYEH KAapLUWHOM, a
No OTHOLWEHME Ha TaKCOHOMWUYHUSA CbCTaB,
ypeBHaTa MMKPOOMOTa NpY MALMEHTN C AfEHO-
KapUMHOM Ce XapaKTepusnpa C JOMMHMpaLyuTe
dunotunose, BKtounTenHo Bifidobacterium,
Clostridium w Prevotella, nokaTo nauueHTUTe C
MIIOCKOKMIETbYEH KapLMHOM MOKa3BaT BUCOKO
n3obunve ot Ruminococcus, Lachnospiraw Lacto-
bacillus B uepBata cu, a Streptococcus, Anaero-
truncus v Bacillus ca oborateHn npu ppebHo-
KNneTbueH pak Ha 6enusa apo6b (29). BzeTn 3aeaHo,
Te3n HabnaeHna nokasBat, ye AMUCTANHUAT
ypeBeH MUKPOOMOM MOXKe CbLLO Aa CTYXM KaTo
cTabuneH briomapkep 3a pak Ha 6enus gpoo.

Bb3 ocHOBa Ha HacToALWWTE HU MNO3HaHWA 3a
B3aVIMOAENCTBUETO FOCTONPUEMHUK-MUKPOOU-
OM NpK pakK Ha 6enua apo6, ncneaBaHNATa B
Ta3y 0651acT HanpeaBaT KbM Te31 ABE OCHOBHU
NMOCOKU: OT MbPBOCTENEHHO 3HaueHne e aa ce
pa3bepe Kak MMKpobuoTaTa ce pas3BMBa CbB-
MECTHO C TYMOPWUTE MO BPEME Ha UHULMMPAHETO
N NpOorpecnpaHeTo Ha paka, 3a Aa ce UAeHTU-
duumpat npomeHuTe B H6aKTepuanHus CbCTas,
KONMYeCTBO, pa3Hoobpa3ve N MeTabosInTHa akK-
TUBHOCT, KOUTO MOraT fda ce M3Mon3BaT KaTo
HaleXkaHV 6rioMapKepy 3a ANArHOCTMKA Ha pak
Ha 6enuAa apob 1 BTOPOTO € fa ce U3ACHAT [o-
MbJIHUTENHO KNETBYHUTE U MONEKYISIPHUTE Me-
AVATOpU Ha B3aMMOLENCTBMETO rocTonpuem-
HUK-MUKPOOKMOTA, KOMTO MoraT ga 6bhaT Tepa-
NeBTUYHO HACOYEHN 3a NleYeHe Ha paK Ha benus
Apob (1).

lung cancer patients (28). In addition, Ming et al.
showed that the gut microbiome of lung cancer
patients had alower abundance of Prevotella but
a higher level of Actinomyces and Streptococcus.
Interestingly, the alteration of the gut microbio-
me in lung cancer patients seems to depend on
the different lung cancer subtypes: lower gut
microbiome alpha diversity was observed onlyin
patients with small cell lung cancer, but not and
with adenocarcinoma or squamous cell carcino-
ma, and in terms of taxonomic composition, the
gut microbiota in patients with adenocarcinoma
was characterized by the dominant phylotypes
including Bifidobacterium, Clostridium and Prevo-
tella, while patients with squamous cell carcino-
ma showed a high abundance of Ruminococcus,
Lachnospira and Lactobacillus in their gut, and
Streptococcus, Anaerotruncus, and Bacillus are
enriched in small cell lung cancer (29). Taken
together, these observations suggest that the
distal gut microbiome may also serve as a robust
biomarker forlung cancer.

Based on our current knowledge of the host-
microbiome interaction in lung cancer, research
in this field is progressing in these two main
directions: it is of paramount importance to
understand how the microbiota co-evolve with
tumors during cancer initiation and progression,
to identify changes in bacterial composition,
quantity, diversity and metabolic activity that
can be used as reliable biomarkers for lung
cancer diagnosis and the second is to further
elucidate the cellularand molecular mediators of
the host-microbiota interaction that can be
therapeutically targeted for the treatment of
lung cancer (1).



Moakpenankn naeaTa, vye cneyndunyHn 6ak-
TepvanHy BULOBE MOraT [ia C/ly»KaT KaTo YHUKarn-
HWN GMOMapKepy 3a NOATUMOBE Ha pakK Ha benus
Lpob n TymopHu ctaguu, Greathouse et al. ycra-
HOBsIBa MO-TONIIMOTO M300unne Ha Acidovorax
cpep noAarpynara oT Cilyyar Ha NAI0CKOKNeTbYeH
KapuuHom ¢ TP53 myTaumm, HO Ta3n Bpb3Ka He
npucbcTBa B afgeHokapuuHomute (30). dpyro
npoyuBaHe aHanusMpa MMKpobuoTaTa Ha fon-
HUTE AUXaTeNHW MbTULA NPY NaLUeHTU, MOAOo-
»KeHW Ha ANarHoCTUYHa 6POHXOCKONMA NP CbM-
HeHue 3a pakK Ha 6enua apob 1 yCcTaHOBABa, Ye
3/10KaYeCTBEHOCTTa MOXe fia Obae onpeneneHa
C ToyHoCT OT 70% upe3 usonupaHe Ha Entero-
coccus, Capnocytophaga vnu Actinomyces, no-
KaTo pgobpokayecTBeHWTe 3abonABaHUA Morat
na 6vpat onpepeneHn ot Microbispora c uys-
CTBUTENTHOCT OT 55%, cneunduyHocT 88% 1 Tou-
HOCT 78% (31). Mo nogo6eH HaunH, oboraTaBaHe
Ha Capnocytophaga v Veillonella ce Habnogasa
KaKTO Npu gpebHoKNeTbUYeH 6enoapobeH pak,
Taka u npu 6enopgpobeH afeHOKapLUUHOM, 1
KOMOWHaUUsITa OT Te3n [ABa HaKTepuanHu 6uro-
MapKepa ycna Aa pasrpaHuyn nauueHtute c
OpebHokneTbueH benoapobeH pak unm Geno-
Opob6eH afjleHOKapLIMHOM OT 3A4paBy UHAVBUAN
(32).

BaxHO e fna ce oTbenexu, ye B e4HO OT Hali-
HoBuTe npoyusBaHma Nejman et al. n3Bbplumxa
LUSNIOCTEH aHaNM3 Ha TYMOPHMUSA MUKPOOMOM B
cefemM BuAa pak, BKIOUUTENIHO pak Ha Genus
Apo6 (31). bakTepmanHuTe KOMMOHEHTU ca OT-
KpuTn B 6€nofpobHN TyMOpW, U3MepeHUN upe3
16S gPCR, IHC 3a LPS u in situ xmbpuamnsauma Ha
16S rRNA. Bbnpeku ye GeLle NoKasaHo, ye BCeKU
TUMN TYMOP VMa Pa3finyH MUKPOOHM CbCTaBy,
Gelle YCTaHOBEHO, Ue GaKTepuanHUTE TakCOHM,
KOWTO MoOraT fa pasrpaxpaTt XMMukanute B
uMrapeHua AuMm, ca 3HaunMTenHo oborateHu B
6enoapobHM Tymopy B CpaBHEHVE C Apyru BU-
[loBe TymMopu, KOeTo npegfnonara, Ye BUCOKMTE
HVBa Ha Te3y MeTabonuTy Cb3daBaT NpeanoYn-
TaHa HUWaA 3a GakTepuuTe, KOUTO MoraT fa
n3non3eart Te3n Mosiekynu. ToBa oboratsAiBaHe e
olLe No-04YeBUAHO Npu 6enogpobHy TYMOpU Ha
HaCTOALLM MyLLayy B CPaBHEHUE C HMKOra Heny-
wunu. OcBeH ToBa, 6aKTepuanHMTe MbTULLA,
yyacTBaly B GUOCKMHTE3aTa Ha pacTUTENHU
MeTabonuTH, NPUCHCTBALLN B UTrapeHUs TIOTIOH,
ca 6oraTto npefcTaBeHn B 6enogpobHuTe Tymo-
Py Ha nyLlayu, KOeTo AOMbAHUTENIHO OTPa3ABa
Bb3[eNCTBMETO Ha 3/1araHeTo Ha OKOJIHaTa cpe-
[a Bbpxy 6enofpobHua Mmkpobrom (1). Mo-KoH-
KpPEeTHO, MO OTHOLIEHME Ha TIOTIOHOMYLUEHETO,
MHOFO pPa3fiyHK NPOYYBaHKA ca HabngaBanu
3HaUMTENHN MPOMEHMN B MUKpOoOMOMa Ha benuTte
Apo6oBe MpU PasfNYHA YCIIOBUS Ha MyLUEHE.
[loKaTo HAKOU KOHKPETHO NMOKa3BaT NONOXUTeN-
Ha Kopenauus Mexay TIOTIOHOMYLWeHeTo 1 anda

Supporting the notion that specific bacterial
species may serve as unique biomarkers for lung
cancer subtypes and tumor stages, Greathouse
etal. found the greater abundance of Acidovorax
among the subset of squamous cell carcinoma
cases with TP53 mutations, but this association
was not present in adenocarcinomas (30). Anot-
her study analyzed the microbiota of the lower
respiratory tract in patients undergoing diag-
nostic bronchoscopy for suspected lung cancer
and found that malignancy could be determined
with an accuracy of 70% by isolating Enterococ-
cus, Capnocytophaga, or Actinomyces, whereas
benign disease could be determined from Micro-
bispora with a sensitivity of 55%, a specificity of
88%, and an accuracy of 78% (31). Similarly,
enrichment of Capnocytophaga and Veillonella
was observed in both small cell lung cancer and
lung adenocarcinoma, and the combination of
these two bacterial biomarkers was able to
distinguish patients with small cell lung cancer
or lung adenocarcinoma from healthy indivi-
duals (32).

Itisimportant to note that in one of the most
recent studies, Nejman et al. performed a com-
prehensive analysis of the tumor microbiome in
seven types of cancer, including lung cancer (31).
Bacterial components were detected in lung
tumors as measured by 16S gPCR, IHC for LPS
and 16S rRNA in situ hybridization. Although
each tumor type has been shown to have diffe-
rent microbial compositions, bacterial taxa that
can degrade chemicals in cigarette smoke were
found to be significantly enriched in lung tumors
compared to other tumor types, suggesting that
the high levels of these metabolites create a
preferred niche for bacteria that can use these
molecules. This enrichment was even more evi-
dent in lung tumors of current smokers compa-
red to never smokers. Furthermore, bacterial
pathways involved in the biosynthesis of plant
metabolites present in smoked tobacco are
richly represented in the lung tumors of smokers,
further reflecting the impact of environmental
exposures on the lung microbiome (1). Specifi-
cally, with regard to smoking, many different
studies have observed significant changesin the
lung microbiome under different smoking con-
ditions. While some specifically show a positive
correlation between smoking and alpha diver-
sity, others show specific enrichment or depleti-
on of key populations such as Pseudomonas,
Streptococcus, and Granulicatella (3,33,34). This
suggests that in addition to the direct effects of
smoking and other environmental factors on
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pa3Hoob6pasneTo, Apyru NokKasear creundrnyHo
oboratsaBaHe WM HamalisiBaHe Ha KJlOYOBMU
nonynauuu Kato Pseudomonas, Streptococcus v
Granulicatella (3,33,34). ToBa npeagnonara, 4ye B
[OMbJIHEHVE KbM NpeKnTe epeKTn Ha TIOTIOHO-
nyweHeTo 1 apyrv GakTopm Ha OKONHaTa cpepa
BbPXY TYMOPHWTE KNETKM, OCTa TIOTIOHOMNYLIeHe-
MUKPOOMOM-MIMYHHa CMCTEMA CbLLO BEPOSATHO
Urpae Ba)kHa ponsA B perynvmpaHeTo Ha LanocT-
HaTa nporpecua HaTymopa (1).

PakbT Ha 6enna opob e Bogela NpuyrHa 3a
CMBPTHU Cllyyau, CBbP3aH C pak B CBETOBEH Ma-
Wab, TbiA KaTo B paHHUTE eTanu OT Pa3BUTUETO
My JIMNCBAT WM Ca HaJIMYHU MANKo CUMMTOMM 1
OKOono 75% ot cnyyanTe ca HanpeaHanu olLle no
BPEME Ha AMarHoCTMUMpaHeTo UM. Bb3aMoXKHO-
CTWTe 3a JleueHVie Ha HanpedHan pak Ha 6envsa
[Apob ca orpaHnyeHun 1 nporHosaTa e nouwa. OT
TOBa CNlefiBa, Ye paHHOTO OTKPUBaHe 1 noaobpe-
HWTe IeYEHMs Ha PaKa Ha 6enus apob ca Bce no-
HeobxoaumMm 1 cnewHu. Ha 6a3aTa Ha npoBee-
HUTE 0O MOMEHTA M3CNeABaHUs Ce CMATa, Ye
MUKPOOMOMDBT € MnoTeHuManeH bromapkep 3a
paHHOTO OTKPVBAHE 1 3a pe3ynTaTnTe OT feve-
HUETO Ha pakK, KOEeTO Lije Nomara Ha KIMHULKC-
TMTE W NauMeHTUTe Oa B3emaT UHOGOPMUPaHU
PELLEHNSA, HO BCE OLLE Ca HYXHW MHOTO MpoyY-
BaHMA 3a fa ce NOTBbpAMU Tasm xmnoTesa (35).
Cnopepn n3cnepoBatenute cbobujecTBata oT
MUKPOOW, KOUTO XKMBEAT B YCTHATA Kyx1Ha, 6enu-
Te ApoboBe M yepBaTa M3rnexaa B3aumogeri-
cTBaT. ToBa MOXe fla ce CJlyun ANPEKTHO upe3
OUCMEPCUA Ha CNy3 U Ype3 ArxaTeHN U XPaHO-
CMUNATENTHN MPOLECU WU MOXe [Aa Ce Cayuu
KOCBEHO Ype3 NMYHHU daKTopuy 1 MeTabonUTHU
NPOAYKTU B KPbBHUA TOK. /3cnenBaHuaTa no-
Ka3BarT, Ye Te31 HauVHN Ha KOMYHUKaLusi morat
[a NO3BONAT Ha ,HefpyXenobHUTe” YpeBHU
MUKPOOW [a uUrpasTt pons npu 6enofpobHu
3abonaaHua kKato XObb, actma, KuctnuyHa ¢puob-
po3a 1 pak Ha 6enua apob. Kak paboTat Tesn
B3aVIMOAENCTBYSA, OCTaBa BCE OLUe HEN3BECTHO.
CmsTa ce, Ye pa3bMpPAHETO Ha BpPb3KaTa MeXay
yoBeLlKaTa MUKPOOMOTa, B YaCTHOCT benoapob-
HaTa MMKpPOOKOTa, 1 paka Ha 6enna opob Mmoxe
[a OTBOPW HOB MpO30peL 3a AMArHocTka u
nevyeHne Ha paka Ha 6enusa gpob (35).

Bce no-ronam e n3cnefoBaTeNiCKMAT NHTepec
KbM pa3bMpPaHETO Ha OCHOBHUTE MEXaHU3MU 3a
NpeBaHTUBHYWTE epeKTM BbPXY paka 1 CTaBa Bce
Mo-siCHO, Ye KOMeHcanHaTa MMKpPobuoTa, KOsTo
06UTaBa HALLETO TAJIO, MOXe Aa MHXMOUpa naTo-
reHuTe, KaTo Ce KOHKypupa C TAX 3a MecTaTa Ha
NPUKpPenBaHe, KOETO OrpaHMyaBa 1306uIneTo
Ha MaToreHW u npenoTBpaTABa UHbEKUUN.
KomeHcanHaTa MUKpoOMOTa CbLIO MOXe fa
MeTabonnsnpa XpaHUTENHUTE BellecTBa B
OMNOAKTUBHN KOMMOHEHTM, KOMTO HacbpuaBaTt
ypeBHaTa XOMeOCTasa 1 MOXe Aa NpefoTBpaTu

tumor cells, the smoking-microbiome-immune
system axis is also likely to play animportant role
inregulating overall tumor progression (1).

Lung cancer is the leading cause of cancer-
related deaths worldwide because there are no
or few symptoms in its early stages, and about
75% of cases are already advanced by the time
they are diagnosed. Treatment options for ad-
vanced lung cancer are limited and the progno-
sis is poor. It follows that early detection and im-
proved treatments for lung cancer are increasin-
gly necessary and urgent. Based on the research
conducted to date, the microbiome is believed
to be a potential biomarker for early detection
and treatment outcomes of cancer, which will
help clinicians and patients make informed
decisions, but many studies are still needed to
confirm this hypothesis (35). According to the
researchers, the communities of microbes that
live in the mouth, lungs and intestines seem to
interact. This may occur directly through mucus
dispersion and through respiratory and diges-
tive processes, or may occur indirectly through
immune factors and metabolic products in the
bloodstream. Research shows that these ways of
communicating may allow "unfriendly" gut mic-
robes to play a role in lung diseases such as
COPD, asthma, cystic fibrosis and lung cancer.
How these interactions work remains unknown.
Itis believed that understanding the relationship
between the human microbiota, particularly the
lung microbiota, and lung cancer may open a
new window for the diagnosis and treatment of
lung cancer (35).

There isincreasing research interestin under-
standing the underlying mechanisms of the
preventive effects on cancer, and it is becoming
increasingly clear that the commensal microbio-
tathatinhabit our body caninhibit pathogens by
competing with them for attachment sites,
which limits the abundance of pathogens and
prevents infections. Commensal microbiota can
also metabolize nutrients into bioactive compo-
nents that promote intestinal homeostasis and
may prevent cancer. Normal diverse microbial
communities can protect against cancer thro-



paka. HopmanHute pa3sHOO6pa3HM MUKPOOHMU
obLHOCTM MoraT fa mpepfnasBaT OT paKk upes
MHOeCTBO MexaHun3mu. bbaewute npoyusaHms
Ha MUKpobuoTaTa cnefBa fa 6bAaT HacouyeHu
KbM OTKpVBaHe 1 00CHXKAaHe Ha MexaHn3mMuUTe
3a MpeBeHUMA Ha paKka 1 nepcrnekTuBmTe 3a
NPO6GMOTUYHM 1 NPEBUOTUYHN CTpaTerumn 3a
npeseHUA 1 6opba c paka (36).

M3nonsBaHn cbKpalwleHnA:

KEGG - KnoTtcka eHUuKnoneana Ha reHnTe n
reHomuTe

GEMM - TeHHO MoaudbULmMpaHy MuWn Mogeni
PI3K - ®ocdoHmnasnT 3-KnuHasza

KRAS — BupyceH OHKOreHeH CapKoMm Ha MibX
KunpcreH

NSCLC - HepgpebHoKneTbuYeH paK Ha 6enus
Apob

MAPK — MuToreH-akTrBMpaLla NpOTENH KMHa3a
XOBb - XpoHnUHO 06CTPYKTUBHa 6enogpobHa
6onect

ugh multiple mechanisms. Future studies of the
microbiota should be aimed at discovering and
discussing cancer prevention mechanisms and
the prospects for probiotic and prebiotic strate-
giesfor cancer prevention and control (36).

Abbreviations used:

KEGG - Kyoto Encyclopedia of Genes and
Genomes

GEMM - Genetically Engineered Mouse Model
PI3K - Phosphoinositide 3-kinases

KRAS - Kirsten rat sarcoma virus

NSCLC — Non-small-cell lung cancer

MAPK - Mitogen-activated protein kinase
COPD - Chronic Obstructive Pulmonary Disease
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[0 U3KYCTBERWA NRTENEKT:
TPAHCOOPMALIWOHHWTE PEBONTIOLIAN
B PECMIAPATOPHATA MELWLINHA

E. Mekos, P. MeTkoB

KaTtegpa no 6enoapobHu bonectu
MepmnumHckn yHneepcuteT - Copus

Pesiome

PecnupatopHaTta megnumHa npetbpnaBa MHOXECTBO MPOMEHMW B Mapagurmarta unm
,PEBONIOLMIN, KOUTO Ca MPOMEHUNN ANArHOCTUKATA, JIeYEHNETO U KIVMHMYHOTO yMnpaBfieHMe Ha
pecnupatopHuUTe 3abonaBaHus. B Ta3y cTaTua ce pasrnexzaar WecTTe OCHOBHY PEBOJNIIOLNNY, KOUTO Ca
odopmunn Tasy 0671acT, KaTo Ce 3arnoyHe C aHaTOMUYHaTa 1M GU3MONIOrMYHATa PEBOJIIOLUSA, KOATO €
yCTaHOBW/Ia OCHOBOMOJAraWoTO pa3bupaHe 3a CTPYKTypaTa M QYHKUUATA Ha AMXaTesiHaTa cucTema.
PeBontouyATa Ha TeopursATa 3a MMKPOOPraHU3MITE BbBEXAa HayYHa OCHOBA 3a MAEHTUOULMPaHE Ha
NH}EKUMO3HUTE areHT, BOAELLO A0 BAaKCUHU MU aHTUOMOTULM, KOWUTO 3HAUYWTESTHO HaMansaBaT CMbPT-
HOCTTa OT pecnupatopHu uHdekumn. MNosBata Ha MexaHUYHaTa BEHTUMNALUA U UHTEH3VIBHUTE TPUIXNU
PEeBOMNIOLMOHMN3MPAT SIeUEeHNETO Ha OCTpaTa AnxaTesiHa HeJOCTaTbYHOCT, @ HanpeAbKbT BbB hapmako-
nornyHaTa 1 UHxanaTopHa Tepanua ocurypsaBa edeKTUBHO NeYeHUe Ha XPOHWUYHW pecnumpaTopHU
3abonaBaHuA kato XOBb 1 actma. PeBontoumATa Ha MoneKynspHaTa 1 npeur3HaTa MeanuyrHa Boau o
Mo-HaTaTbLUHO NePCOoHaNM3npaHe Ha FPYXKNTE, KaTo BKIIOUBA FeHETMYHO npodunmpaHe 1 6MonornyHu
Tepanuu 3a oNTMMU3MpPaHEe Ha Pe3ynTaTuTe OT NleYeHNeTo Ha 3aboNABaHNA KaTo TeXKa acTMa 1 6eno-
Opo6eH KapunHOM.

MNMoHacToALeM LecTaTa peBOMOLMSA — 3afiBUXKBaHa OT U3KYCTBeHUsA UHTenekT (Al), Tenemeguum-
HaTa M yCbBbpPLUEHCTBaHaTa AVArHOCTVIKA — MPOMEHs pecnpaTopHaTa MeAULIMHA, KaTo NogobpsBa paH-
HOTO OTKpMBAHE Ha 3ab0NABaHNATA, ONTUMIK3MPA TEPANEBTUYHUTE MIAHOBE Ype3 NPeanKTUBHO Moje-
NpaHe 1 pa3WnpsBa 4OCTbMA [0 MPWXKKN Ype3 AUCTaHLMOHHO HabnofgeHne 1 LMppoBU 34paBHY peLle-
HUA.

LlenTa Ha Ta3u cTaTuisA e fja ce pasriefat OCHOBHYTE PEBOIOLMM B pecrnpaTopHaTa MeguumnHa,
KaTo ce nofuepTae TAXHOTO NCTOPUYECKO 3HaUeH e, KNoUYOBM MHOBaLUN 1 Bb3[eCTBUE BbpPXY pe3yiTa-
TUTe 3a NaUneHTHTe..

KniouoBm gymu: pecnupaTtopHa meguLmMHa, MeANLIMHCKI PEBONIOLIMM, XPOHUYHU PecrnnpaTopHu 3a60-
NABAHUA, U3KYCTBEH MHTENEKT, TeleMeAnLIMHa, MONEKYNAPHa MeAULIMHA



FROM ANATOMY TO Al
THE TRANSFORMATIVE
REVOLUTIONS

IN RESPIRATORY MEDICINE

E. Mekov', R. Petkov'

Department of Pulmonary Diseases,
Medical Faculty, Medical University - Sofia

Abstract

Respiratory medicine has undergone multiple paradigm shifts, or "revolutions”, that have
transformed the diagnosis, treatment, and management of respiratory diseases. This article explores six
major revolutions that have shaped the field, beginning with the anatomical and physiological
revolution, which established the foundational understanding of respiratory structure and function. The
germ theory revolution introduced a scientific basis for identifying infectious agents, leading to vaccines
and antibiotics that significantly reduced mortality from respiratory infections. The advent of mechanical
ventilation and critical care revolutionized the management of acute respiratory failure, while
pharmacological and inhalation therapy advancements provided effective treatments for chronic
respiratory diseases such as COPD and asthma. The molecular and precision medicine revolution has
further personalized care, incorporating genetic profiling and biological therapies to optimize treatment
outcomes for diseases like severe asthmaand lung cancer.

Currently, the sixth revolution - driven by artificial intelligence (Al), telemedicine, and advanced
diagnostics - is reshaping respiratory medicine by enhancing early disease detection, optimizing
treatment plans through predictive modeling, and expanding access to care via remote monitoring and
digital health solutions.

The objective of this article is to explore the major revolutions in respiratory medicine, high-
lighting their historical significance, key innovations, and impact on patient outcomes.

Keywords: respiratory medicine, medical revolutions, chronic respiratory diseases, artificial intelligence,
telemedicine, molecular medicine
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BbBeageHne

PecnvpaTopHaTa MeguumnHa 3aema Kio4voBa
pona B CBETOBHOTO 3[paBeornasBaHe, KaTo ce
3aHMMaBa C HAKOW OT Hal-pa3npoCTpaHeHnUTe n
WHBaNVau3npaLLy 3abonasaHuaA B cBeTa. Pecnu-
paTopHUTE 3ab0MsIBaHUSA, BKIIOUNTENIHO XPO-
HUYHaTa obCcTpyKTUBHa GenogpobHa 6onect
(XOBb), acTmaTa, Ty6epkynosata (Tb), nHeBMO-
HMATa U KapLUMHOMBT Ha 6enuvsa opo6, npeacTas-
nABaT 3HauuTeneH Aan ot 3abonaemocTTa ”
CMbBPTHOCTTa B CBeTOBeH Malyab [1]. Mo gaHHM
Ha CBeToBHaTa 3ppaBHa opraHusauua (C30)
pecnvpatopHuTe 3abonaBaHuA ca cpep BoAe-
WUTe NMPUYMHA 33 CMbBPT B CBETOBEH Mallab,
kaTo camo XOBbb e npuumHa 3a npnbnunsnTtenHo
3,5 MMAnOHa CMBbPTHY cyyasa roguwwHo [2]. Te-
»KecTTa Ha Te3u 3abonsiBaHUsA ce 3acunBa oT dpak-
TOPW KaTo 3aMbpCsABaHe Ha Bb3ayxa, TIOTIOHOMNY-
weHe, NpodecroHanHy PUCKOBe 1 3acTapaBaHe
Ha HaceneHueTo.

WNcToprueckn nornenHato, pecnupaTopHuTe
3abonsaBaHMA NOBNMABAT Ha YOBELLKOTO 3[ipaBe
1 oblecTBeHOTO pa3BuTne. TybepKynosaTa,
YyecTo HapuyaHa ,6anaTa yyma“, onycTollaBa
HaceneHNeTo B NPOAb/KEHNE Ha BEKOBE, KaTo
npean3BrYKBa MbpBUTE MeAULMHCKA MHOBaLUN
1 UHTEpBeHUMM B obnactTa Ha obLiecTBeHOTO
3apase. [pe3 XX B. ce noABABAT XPOHUYHN pec-
nupaTopHn 3abonaeaHMA Kato XOBb n actma,
CBbP3aHU C UHAYCTPUAnn3aLusaTa 1 NPoMeHuTe
B OKOJIHaTa cpefa. MexayBpeMeHHO KapuyHO-
MbBT Ha 6enua gpob ce npeBpblya BbB BoAeLla
npuyMHa 3a CMbPT, CBbP3aHa C OHKONIOTMYHMU
3abonsaBaHWA, KOETO 10 ronAma CTeneH ce Abi-
WM Ha ynotpe6aTa Ha TioTioH [3]. Te3n npean3su-
KaTencrTea CTUMynmpat HenpekbCHaTUTe NHOBA-
uun B pecnupatopHata MefuLuuHa, Bogewmy fo
TpaHcpopmMumpalym npoburen, Kouto npegedu-
HUpAT AMarHOCTMKaTa, NeYeHNeTo U MpeBeH-
uusTa.

KoHuenuuAaTa 3a ,peBonounn” B Meguum-
HaTa NpefoCTaBA NoJsie3Ha pamka 3a pasbupaHe
Ha Te3n noctukeHus. MogobHO Ha no-o6Lwup-
HUTe peBoJIIOLMM B YOBeLLKaTa LUBUIM3auma —
KaTo CeficCKoCcTonaHcKaTa v MHayCcTpuanHara pe-
BOJOUMA — MeAULMHCKUTE peBoflouuMn npea-
CTaBnsABaT MPOMEHU B MapagnrmaTa, Kouto GpyH-
JaMeHTanHO MPOMEHAT HauuMHa, Mo KOWTO ce
pa3bupat v nekysaT 3abonasaHmATa. B pecnupa-
TOpHaTa MefuLMHa Te3un peBosoLun obxealLaT
aHaTOMUWYHM OTKPUTKA, NoABaTa Ha TeopuATa Ha
MUKPOOPraHU3MnTE, Pa3BUTMETO Ha MeXaHWy-
HaTa BeHTUnaums, GbapMakonornyHuTe UHOBa-
LMK 1 Bb3XoJa Ha npeLm3HaTa MeguumHa. Bcaka
peBoNoLMA HaArpaXkaa NpeaxonHaTa, Kato oT-
roeapsA Ha HOBW NpPeAMn3BMKaTENCTBA U Pa3Llum-
pABa rpaHnLMTe Ha MO3HAHWETO U TPUKIKTE.

LlenTta Ha Ta3u cTatma e fa ce pasrnegart oc-
HOBHMTE PEBOJIOLMM B pecnupaTopHaTa Meau-
LIMHa, KaTo Ce noguyepTae TAXHOTO MCTOPUYECKO
3HaueHue, KIIOYOBM MHOBALMW 1 Bb3fencTBue
BbPXY pe3ynTatute 3a nauueHTumTe.

Introduction

Respiratory medicine occupies a pivotal role
in global health, addressing some of the most
prevalent and debilitating diseases worldwide.
Respiratory conditions, including chronic ob-
structive pulmonary disease (COPD), asthma,
tuberculosis (TB), pneumonia, and lung cancer,
collectively account for a significant proportion
of global morbidity and mortality [1]. According
to the World Health Organization (WHO), respi-
ratory diseases are among the leading causes of
death globally, with COPD alone responsible for
approximately 3.5 million deaths annually [2].
The burden of these diseases is exacerbated by
factors such as air pollution, smoking, occupa-
tional hazards,and aging populations.

Historically, respiratory diseases have shaped
human health and societal development. Tuber-
culosis, often referred to as the "white plague,’
ravaged populations for centuries, prompting
early medical innovations and public health
interventions. The 20th century saw the rise of
chronic respiratory conditions such as COPD and
asthma, linked to industrialization and environ-
mental changes. Meanwhile, lung cancer emer-
ged as a leading cause of cancer-related deaths,
driven largely by tobacco use [3]. These challen-
ges have spurred continuous innovation in
respiratory medicine, leading to transformative
breakthroughs that have redefined diagnosis,
treatment,and prevention.

The concept of "revolutions" in medicine
provides a useful framework for understanding
these advancements. Much like the broader
revolutions in human civilization - such as the
Agricultural and Industrial Revolutions - medical
revolutions represent paradigm shifts that fun-
damentally alter how diseases are understood
and managed. In respiratory medicine, these
revolutions have spanned anatomical discove-
ries, the advent of germ theory, the development
of mechanical ventilation, pharmacological
innovations, and the rise of precision medicine.
Each revolution has built upon the previous one,
addressing new challenges and expanding the
frontiers of knowledge and care.

The objective of this article is to explore the
major revolutions in respiratory medicine, high-
lighting their historical significance, key innova-
tions,and impact on patientoutcomes.



1.AHaTOMMNYHa 1 $U3MONOTNYHA
pesonioyuna
OcHoBaTa Ha pecnupaTopHaTa MeguLmnHa ce
Kpue B paHHOTO pa3bupaHe 3a gnxartesiHaTa cuc-
TemMa, Bb3HVKHAJIO B pe3ynTaT Ha BEKOBHU aHaTo-
MWUYHU U GU3NONOTUYHN M3cneaBaHUA. Ta3u
nbpBa peBonOLUMA B pecnmpaTtopHaTta Meau-
LMHa e 6efA3aHa OT U3yYaBaHETO HA YOBeELIKaTa
aHaTOMMA M NOCTEMEHHOTO N3ACHABAHE Ha Mexa-
HU3MWTE, KOUTO Ca B OCHOBATa Ha AMWLIAHETO.
MpuUHOCHT Ha KntovoBm durypu Kato lfaneH n Yu-
nAmM XapBu e OT CbLLeCTBEHO 3HaueHue 3a pop-
MUPaHeTO Ha Te3Un GyHAAMEHTANTHU 3HAHWA.
laneH (129-216 r. cn. Xp.), BUAEH PUMCKN
nekap, e cpegn MbpBUTE, KOUTO CUCTEMATUYHO
OonucBaT aHaTOMUATAa Ha AuxaTenHaTta cucrema.
Ypes gncekunm Ha MBOTHM TO Npeanonara, ue
6envte apoboBe oxnaxaaT CbpLETO U YnecHs-
BaT ABMKEHWETO Ha,,MHEBMaTa” - )KN3HEHOBaXeH
[yX, 3a KOWTO Ce CMATa, Ye MoAAbPKa XKUBoTa [4].
Bbnpekn ye no-KbCHO TeopumuTe My ca npepas-
rnefaHu, pabotaTa Ha [aneH NOCTaBs OCHOBUTE
Ha ObgewunTe aHATOMUYHU U3CSeBaHMA U
nogueprtaBa 3HayeHMeTo Ha 6ennTe gpoboBse 3a
noaabpkaHe Ha GU3MONOrMYHOTO PaBHOBECKE.
Mpe3 XVII B. HacTbnNBa NpPoOMAHa B Napagur-
MaTa C paboTaTa Ha Yunam Xapsu (1578-1657T.),
KONTO npaBu peBonouus B pa3bupaHeTo Ha
KpbBOOO-paLLeHNeTO, a OTTaM 1 Ha AuLaHeTo. B
cBoA Tpyn De Motu Cordis (1628 .) XapBuy onvcBa
KpbBOHOCHaTa cMcTeMa W HenHaTa ponsa 3a
TPaHCMoOpTMPaHe Ha KPbBTa MeXAY CbpLETO 1
6enute gpobose [5]. OTKpUTUATa Ha XapBu He
caMo paswmnpsaBat GU3NONOrMYHUTE MNO3HaHUS,
HO 1 OCUrypsiBaT HayyHa OCHOBa 3a pa3bupaHe
Ha pecnmpaTopHuUTe 3abonaBaHuA.
Bb3gencTeneTo Ha Tasn aHaTOMUYHa U Gu-
310NOrMYHa PeBOSOLUA He MoXe fla 6be npe-
yBenn4yeHo. TA ycTaHOBABa CTPYKTypHaTa U
byHKUMOHanHaTta paMKa Ha uxaTenHarta cucTe-
Ma, KaToO flaBa Bb3MOXHOCT Ha cneagalyute no-
KONeHNA YUYeHU W KIVHUUWUCTM Aa u3cnensat
HelHaTa CNOXKHOCT. Taka HanprmMep OTKpUBaHe-
To Ha anseonute oT Mapueno Mannuru npes XVII
B. AOMbBAHUTENHO M3ACHABA MUKPOCKOMMYHaTa
ApXUTEKTYpa Ha bennte opoboBe 1 TAXHaTa Pons
B razoobmeHa [6]. Te3an paHHU NpPO3peHUsi no-
CTaBAT OCHOBUTE Ha CbBpeMeHHaTa ¢usronorusa
Ha AVLWAHETO M NPOoMpPaBAT NbTA 3a O6baewm
WMHOBALMV B AXAarHOCTMKaTa 1 IeYeHneTo.

2. PeBontounaTa Ha TeopuATa 3a MUKpoopra-
HU3MUTe N MHpeKUunosHuTe 3abonsasaHus
BtropaTta peBoniouuna B pecnupatopHara
MefVLUMHa e KaTanm3upaHa oT rnosBaTa Ha Teo-
puATa 3a MUKPOOPraHMU3MmUTe, KOATO MPOMEHSA
13 OCHOBU pa3bupaHeTo 1 IeYEHNETO Ha pecnu-
paTtopHuTe nHdekumun. Npean Ta3m NpomMaHa Ha
napaguMrmaTa pecnipaTopHuUTe 3abonsaBaHuA
KaTo Ty6epkyno3sa (Tb) n nHeBMOHMA YecTo ce
NPUNUCBAT Ha MUa3Mn UK ancbanaHc Ha Tenec-
HUTe TeyHocTu. HoBaTopckata pabota Ha Po-

1.Theanatomical and physiological
revolution

The foundation of respiratory medicine liesin
the early understanding of the respiratory sys-
tem, which emerged from centuries of anato-
mical and physiological inquiry. This first revolu-
tion in respiratory medicine was marked by the
study of human anatomy and the gradual elu-
cidation of the mechanisms underlying respira-
tion. The contributions of key figures such as Ga-
len and William Harvey were instrumental in sha-
ping this foundational knowledge.

Galen (129-216 AD), a prominent Roman
physician, was among the first to systematically
describe the anatomy of the respiratory system.
Through dissections of animals, he proposed
that the lungs were responsible for cooling the
heart and facilitating the movement of "pneu-
ma", a vital spirit believed to sustain life [4].
Although his theories were later revised, Galen's
work laid the groundwork for future anatomical
studies and underscored the importance of the
lungsin maintaining physiological balance.

The 17th century witnessed a paradigm shift
with the work of William Harvey (1578-1657),
who revolutionized the understanding of circu-
lation and, by extension, respiration. In his work,
De Motu Cordis (1628), Harvey described the
circulatory system and its role in transporting
blood between the heart and lungs [5]. Harvey's
findings not only advanced physiological know-
ledge but also provided a scientific basis for
understanding respiratory diseases.

The impact of this anatomical and physiolo-
gical revolution cannot be overstated. It establis-
hed the structural and functional framework of
the respiratory system, enabling subsequent
generations of scientists and clinicians to explore
its complexities. For instance, the discovery of
the alveoli by Marcello Malpighi in the 17th cen-
tury further elucidated the microscopic architec-
ture of the lungs and their role in gas exchange
[6]. These early insights laid the foundation for
modern respiratory physiology and paved the
way for future innovations in diagnosis and
treatment.

2.Thegermtheory andinfectious
diseaserevolution

The second revolution in respiratory medi-
cine was catalyzed by the advent of germ theory,
which fundamentally transformed the under-
standing and management of respiratory infec-
tions. Before this paradigm shift, respiratory di-
seases such as tuberculosis (TB) and pneumonia
were often attributed to miasmas or imbalances
in bodily humors. The groundbreaking work of
Robert Koch and the subsequent development
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6epT Kox 1 nocnenBanoto pa3paboTBaHe Ha
BAKCUHU M aHTUOMOTMLM NOCTABAT HAYanoTo Ha
HOBa epa B KOHTPOJia Ha UHPEKUMO3HNUTE
3abonABaHUA, KaTo 3HaYMTeNHO HamanaBeat
CMBPTHOCTTA M 3ab60NseMOCTTa, CBbP3aHU C
pecnupaTtopHuTe MHGEKLUN.

PobepT Kox (1843-1910r.), nioHep B obnacT-
Ta Ha MUKPOOWONOrATa, € CYNTaH 3a Galla Ha
TeopuATa 3a MUKpoopraHusmute. MNpe3 1882 r.
Kox ngentuouympa Mycobacterium tuberculosis
KaTo NpuunHMTeN Ha TybepKynosa - 3abonsBsaHe,
KOeTO M3MbUBa YOBEYECTBOTO B NMPOAbIIKEHNE
Ha xunagonetua [7]. OTKPMUTNETO My He Camo
NnoTBbPXKAaBa MUKPOOUONOrMyHaTa Teopmua Ha
60necTTe, HO M OCUTypPsIBA HayyHa OCHOBA 3a
AvarHoctmumpaHe n 6opba ¢ pecnupatopHuTe
nHdekuun. Moctynatnte Ha Kox, Habop oT Kpu-
TEepuM 3a YCTaHOBABaHe Ha MPUYMHHO-CIeACT-
BEHa Bpb3Ka MeXAy MUKPOOPraHn3bm 1 3a60-
nABaHe, ce NPEeBPbLUAT B KpabrbileH KaMbK Ha
nscnepBaHuATa Ha MHbEKUMO3HNTe 3abonnaBa-
HUA.

Bb3pencTBrneTto Ha TeopuATa 3a MUKPOOP-
raHM3MUTE BbPXY pecnmpaTopHaTa MeguumHa e
3Haummo. Ta BoaM A0 pPa3paboTBAHETO Ha Bak-
cuHaTa Bacillus Calmette-Guérin (BCG) B Haua-
N0TO Ha XX BEK, KOATO OCTaBa €jHa OT HaW-LINPO-
KO M3Mon3BaHUTE BaKCMHMW 3a MpeBeHUMA Ha
TyGepKyno3aTa [8]. Bbnpekn ue HelHaTa edu-
KacHOCT Bapupa B reorpadckm nnaH, BCG Bakcu-
HaTa M3urpaBa peluaBalla pond 3a HamansaBaHe
Ha 3abonsemocTTa OT TybepKynosa, 0ocobeHo B
pervoHuTe C BUCOKa 3abonaemoct. EgHoBpe-
MEHHO C TOBa OTKPUBAHETO Ha MeHULWINHA OT
AnekcaHgbp OnemuHr npes 1928 r. v nocneasa-
noTo pa3paboTBaHe Ha APYrn aHTUOMOTMUM
PEeBOMIOLMOHN3MPA JIeUeHMEeTO Ha OakTepuan-
HUTe pecnnpaTopHu HPekumn [9]. Tean nocTu-
»KeHusA oT6enA3BaT NoBpaTHa Touka B 6opbata ¢
UHdeKLMo3HNTe 3abonAaBaHUA, NpeBpPbLIANKM
HAKorawHute ¢aTanHu MHPeKUMn B Neymmm
3abonsaBaHus.

HamansaBaHeTo Ha CMbPTHOCTTa OT pecnupa-
TOPHU MHPEKUUN Npe3 To3K Neprog e 3alleme-
TABaLo. Hanpumep npu Ty6epKynosaTta, KoATo e
NPUYMNHa 3@ 0KOJNI0 25% OT BCUYKU CMbPTHU CITY-
yau B EBpona npes XIX B., cnef BbBeXAaHETO Ha
aHTUOMOTULNTE U MEPKKTE B 06NlacTTa Ha 06-
LLeCTBEHOTO 34paBe ce Habnoaasa JpaMaTuyeH
cnag Ha 3abonaemocTTa U cMbpTHOCTTa [10]. Mo
nofgobeH HauMH WKrpoKaTa ynoTpeba Ha aHTU-
6MOTULM 3HAUMMO HaMasABa TeXeCTTa Ha MHeB-
MOHMATA, KOATO e Bofella NpuynMHa 3a CMbpT
cpep feLata v Bb3pacTHUTE Xopa.

3.MosABaTa Ha MexaHNYHaTa BeHTURAUNA
M IHTEH3VIBHUTE FPIYKN

TpeTaTta peBontouns B pecnupaTopHaTta me-
OVUViHa e 6enif3aHa OT MosBaTa Ha MexaHWYHaTa
BEHTUMALUMA 1 YTBBPXKAABAHETO HA VHTEH3VB-
HUTE FPUXKI KaTo creuranmsmpaHa obnact. Tosu
TpaHchopMUpaLL Neprog e HaCOUYeH KbM CrieL-

of vaccines and antibiotics ushered in a new era
of infectious disease control, significantly redu-
cing mortality and morbidity associated with
respiratory infections.

Robert Koch (1843-1910), a pioneering mic-
robiologist, is widely regarded as the father of
germ theory. In 1882, Koch identified Mycobac-
terium tuberculosis as the causative agent of TB, a
disease that had plagued humanity for mil-
lennia [7]. His discovery not only validated the
germ theory of disease but also provided a
scientific basis for diagnosing and combating
respiratory infections. Koch's postulates, a set of
criteria for establishing a causal relationship bet-
ween a microorganism and a disease, became a
cornerstone of infectious disease research.

Theimpact of germtheory onrespiratory me-
dicine was profound. It led to the development
of the Bacillus Calmette-Guérin (BCG) vaccine in
the early 20th century, which remains one of the
most widely used vaccines for TB prevention [8].
Although its efficacy varies geographically, the
BCG vaccine has played a critical role in reducing
the incidence of TB, particularly in high-burden
regions. Concurrently, the discovery of penicillin
by Alexander Fleming in 1928 and the subsequ-
ent development of other antibiotics revolutio-
nized the treatment of bacterial respiratory
infections [9]. These advancements marked a
turning point in the fight against infectious
diseases, transforming once-fatal conditions
into treatableillnesses.

The reduction in mortality from respiratory
infections during this period was staggering. For
example, TB, which was responsible for approxi-
mately 25% of all deaths in Europe during the
19th century, saw adramatic declineinincidence
and mortality following the introduction of
antibiotics and public health measures [10].
Similarly, the widespread use of antibiotics
significantly reduced the burden of pneumonia,
aleading cause of death among children and the
elderly.

3.The advent of mechanical ventilation
and critical care

The third revolution in respiratory medicine
was marked by the advent of mechanical venti-
lation and the establishment of critical care as a
specialized field. This transformative period add-
ressed the urgent need for effective manage-



HaTa Hy»KAa OT epeKTUBHO NeyeHne Ha ocTpaTa
JAnxaTeNlHa HeloCTaTbYHOCT — CbCTOSIHUE, KOETO
npean ToBa € CBbP3aHO C BMCOKA CMbPTHOCT.
PaspaboTBaHeTO Ha MeXaHWYHN BEHTUIATOPU 1
rnosiBaTa Ha OTAENEHUATA 3@ MHTEH3MBHO fleye-
Hue (ICU) B cpegaTta Ha XX BeK peBOMOLNOHU-
3Upa NleYeHNeTo Ha AmxaTesiHaTa He[oCTaTby-
HOCT.

KntoyoB MOMEHT B Ta3u peBooLxA e ennge-
MuATa OT nonvomuenut npes 50-Te rogvHM Ha
MUWHanusA BeK, KOATO NoAyepTaBa ocTpaTa HyXxzJa
OT YCbBbPLUEHCTBAHA AMXaTefiHa MOAApPbKKA.
MonuomnennTbT, BUPYCHO 3abonsaBaHe, KOeTo
MOXe [a NPUYUHM Mapanu3a Ha AuxatenHuTe
MYCKYJM, OCTaBsi MHOIO MauUMeHTN HEeCNOCOOHN
Jla XAt CaMoCToATENHO. BbBeXAaHeTo Ha ana-
paTy 3a U3KYCTBEHA BEHTWMAUWA, KaTo Hanpu-
Mep ,KeneseH 6an Apo6’, a No-KbCHO U CbBpe-
MEHHUA MeXaHW4YyeH BEHTWIAaTOP, OCUTYPSBaA
XKMBOTOCMNACABALLA NOAKPENa 3a Te3n NaLyeHTu
[11]. Xene3Huat 6an gpob, paHHa dopmMa Ha
BEHTUALWS C HEraTVMBHO HaJsraHe, € OT CbLiecT-
BEHO 3HaueHue B HavyasnHuTe ¢pasn Ha enngemmns-
Ta. Pa3paboTBaHETO Ha BEHTWUIATOPU C MOSIOXKN-
TeJIHO HasAraHe, KOUTO NOJABAT Bb3AYX ANPEKT-
HO B 6enunTe opoboBe Upe3 eHJoTpaxeasnHa TPb-
6a, obaue NpencTaBnABa 3HaUMTENIEH TEXHOJO-
rMyeH HanpegbKk 1 ce NpeBpbLLA B CTaHAAPT 3a
JleyeHune Ha auxaTeNiHa HeoCcTaTbyHOCT [12].

EnngemunaTta ot nonnoMmenut ctumynmnpa u
Cb3[l1aBaHeTO Ha OTAEeNEeHUs 32 MHTEH3UBHO Nne-
yeHue, NpeaHa3HaueHu 3a ieveHrne Ha KpUTny-
HO 6OMHW naumeHTU. Te3n 3BeHa obeauHABaT
MYNTUAVNCUMMAIMHAPHW €KUM OT 3 paBHU Crie-
LManucTy, MogepHo obopynBaHe 3a Habnoge-
HMe 1 KMBOTOMOALbPXKALUM TEXHOMOMNN, Cb3-
[aBalikn cpefa, B KOATO NaUMeHTHTe C anxaten-
Ha HeJoCTaTbYHOCT MoraT Aa MnoslyyaT KoMm-
nnekcHu rpwxu [13]. Mogenst Ha MHTEH3UBHUTE
oTaeneHnA He camo nopobpsBa pesynTaTuTe 3a
nauueHTUTe C NOJIMOMUESTUT, HO 1 MOCTaBU Hava-
NOTO Ha KNMHUYHOTO NMOBeAEHNE Ha ApYrn Kpu-
TUYHU CbCTOAHUA, KaTO CUHAPOM Ha OCTPa AnXa-
TenHa HepgocTaTbyHOCT (ARDS), TeXXka nHeBmMoO-
HUA U cnefonepaTUBHU JUXaTesHU YCIIOXKHe-
HUA.

Bb3gencTBmeto Ha mMexaHW4yHaTa BeEHTWUNa-
LA U UHTEH3VIBHUTE FPUXKN BbPXY pecnunpatop-
HaTa MeguunHa e 3HauuTenHo. Hanpumep
CMBPTHOCTTa OT OCTPa AuxaTeslHa HeaoCTaTby-
HOCT HaMassiBa 3HAUUTENTHO C LUMPOKOTO pas-
NPOCTPaHeHMe Ha MEXAaHUYHIWTE BEHTUNATOPU 1
NMPOTOKONNTE HA UHTEH3VBHWTE oTaeneHus [14].
OcBeH TOBa HanpeAbKbT B TEXHONOTMMTE Ha BEH-
TUNaToOpUTe, KaTo Hanpumep pa3paboTBaHETO
Ha PEXNMI KaTo BEHTWMALMSA C pressure support
N BMCOKOYECTOTHa ocuuMnupalla BeHTUnauus,
LOMBJIHATENIHO YCHBbPLWEHCTBA KIAUHUYHOTO
noBefleHMe Ha AuxaTesiHaTa HegoCTaTbYHOCT,
CBEXOANKN [O MUHUMYM YCNOXHEHUA KaTo
BEHTWUNATOP-MHAYUMPAHO 6enofpobHO yBpex-
naHe[15].

mentof acute respiratory failure, a condition that
had previously been associated with high morta-
lity rates. The development of mechanical venti-
lators and the rise of intensive care units (ICUs)
during the mid-20th century revolutionized the
treatment of respiratory failure.

A pivotal moment in this revolution was the
polio epidemic of the 1950s, which underscored
the dire need for advanced respiratory support.
Polio, a viral disease that can cause paralysis of
the respiratory muscles, left many patients una-
ble to breathe independently. The introduction
of pressure ventilators, such as the "iron lung"
and later the modern mechanical ventilator,
provided life-saving support for these patients
[11]. The iron lung, an early form of negative-
pressure ventilation, was instrumental during
the initial phases of the epidemic. However, the
development of positive-pressure ventilators,
which deliver air directly into the lungs via an
endotracheal tube, represented a significant
technological advancement and became the
standard of care for respiratory failure [12].

The polio epidemic also catalyzed the estab-
lishment of intensive care units, dedicated to the
management of critically ill patients. These units
brought together multidisciplinary teams of
healthcare professionals, advanced monitoring
equipment, and life-support technologies, crea-
ting an environment where patients with respi-
ratory failure could receive comprehensive care
[13].The ICU model not only improved outcomes
for polio patients but also set the stage for the
management of other critical conditions, such as
acute respiratory distress syndrome (ARDS),
severe pneumonia, and post-surgical respiratory
complications.

The impact of mechanical ventilation and
critical care on respiratory medicine has been
profound. For example, the mortality rate from
acute respiratory failure decreased significantly
with the widespread adoption of mechanical
ventilators and ICU protocols [14]. Moreover,
advancements in ventilator technology, such as
the development of modes like pressure support
ventilation and high-frequency oscillatory venti-
lation, have further refined the management of
respiratory failure, minimizing complications
such asventilator-induced lunginjury[15].
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4.PeBonioyns BbB papmaKosormyHara
M VIHXaNaTopHaTa Tepanua

YeTBbpTaTa peBosioLMsA B pecnupaTopHaTta
MeZfuLHa Ce XapaKTepusnpa c paspaboTBaHeTo
Ha papMaKoNOrMyHU Tepanuy U yCbBbPLUEH-
CTBaHM UHXaNATOPHW YCTPOMCTBA, KOUTO NpoMe-
HAT KJIMHWYHOTO NOBeAeHMEe MPU XPOHUYHUTE
pecnupaTopHu 3a6onsaBaHus.

BbBeXxzgaHeTo Ha 6eTa-aroHNUCTMTE B cpefaTa
Ha XX BeK 6enexu nopaTHa ToUKa B JIeYEHNETO
Ha 0b6CTpyKTUBHUTE GenoapobHun 3abonasaHmA.
KpaTkopelcTBawmuTte 6eta-aroHnctn (SABA)
ocurypasat 6bp30 obnekyaBaHe Ha HGPOHXO-
KOHCTpUKLUMATA, AOKATO AbNArogencraawumre
6eTa-aroHnctn (LABA) npepgnarat npopbiKu-
TeneH KOHTPO Ha cumnTomuTe [16]. Paspabor-
BaHETO Ha UHXanaTtopHu kopTnkocteponau (ICS)
JOMbJIHUTENHO YCbBbPLUEHCTBA IeYeHNETO Ha
actmata n XOBBb. ICS ce npeBpbLaT B Kpanbrb-
NeH KaMbK Ha noaabprkallata Tepanusa, ocobe-
HO MpW NauueHTUTe C acTMa, KaTo HamansaeaTt
yecToTaTa M TeXeCTTa Ha ek3auepbaunnTte [17].

KombuHauuata ot LABA n ICS B eguH nHxana-
TOp NpeACTaBnsABa 3HaUMTe/THA MHOBaLUA B pec-
nupaTopHaTta ¢papmakonorus. Teay KOMOUHUpa-
HU Tepanuy CUHEPTUYHO Ce CNPaBAT KAaKTO C Bb3-
naneHneTo, Taka U ¢ BPOHXOKOHCTPUKLUAT],
KaTo npepanarat no-Bncoka epukacHOCT B CpaB-
HeHne ¢ MoHoTepanuATa [18]. OTToraBa Hacam
HacoKuTe Ha [MobanHaTa MHMLMATMBA 3a acTMa
(GINA) n TnobanHaTa MHMLMATMBA 33 XPOHUYHA
006CTpyKTUBHaA 6enopgpobHa 6onect (GOLD)
opobpsABaT KOMOVMHVPAHMTE Tepanun KaTo oc-
HOBeH MeTo[, 3a ieueHne Ha actma 1 XOBb.

PaspaboTBaHeTo Ha [O3MpPaHUTE UHXaNaTo-
pu (MDI) n nixanatopute cbe cyx npax (DPI) npa-
BV PEeBOIOLMA B AOCTABAHETO HAa MeANKAMEHTH,
KaTo rapaHT1pa, Ye MefMKaMeHTUTe JOCTUraT 4o
6enuTe opoboBe NPeLnsHo 1 C MUHUMANHWU CUC-
TEMHM CTpaHuyHu edekt. MDI nHxanatopute,
KOUTO JOCTaBAT NpemepeHa fo3a MeAuKaMeHT
ype3 NponesaHT, CTaBaT LUMPOKO JOCTbMHU Npe3
50-Te roguHN Ha MYHaNUA BEK 1 ocTaBaT Momny-
nApeH ns3bop 3a mMHoro naumeHTn. DPI, kouTo
pa3uynTaT Ha MHXaNMpPaHeTO Ha MaUMEHT], 3a Ja
AvcneprupaTt MefvKameHTa, npeanarat antep-
HaTMBa 3a Te3u, KOUTO UMaT 3aTPyAHEHWA B KO-
opauHauuATa, Heobxoanma 3a ynoTpebaTta Ha
MDI. Te3u ycTpolicTBa nofobpsaBaT npuabpKa-
HeTO KbM TepanuATa u pesynTtatuTe.

Bb3aencreueTo Ha papmakonormyHaTta u UH-
XanaTopHaTa Tepanua Bbpxy pecnvpaTopHaTa
MeAuuuHa e 3HaumTenHo. LLinpokarta ynotpeba
Ha ICS 1 KOMOVHMPaHN Tepanuu e CBbp3aHa CbC
3HauYMUTENIHO HaManABaHe Ha XocnuTanm3aymmTe
M CMBPTHOCTTA, CBbP3aHu cactMa [19]. o nogo-
6eH HauVMH BbBEXAAHETO Ha AbJIrOAeNCTBaLN
6poHxoaunaTtatopu n ICS nogobpsea 6eno-
Apob6HaTa GyHKUMA 1 KauecTBOTO Ha »KMBOT Ha
nauyvieHtute ¢ XObb [20]. Tean nocTmKeHuA He
camo obrnekuyaBaT CMMMNTOMUTE, HO U HamanagBaT
MKOHOMMYECKaTa TeXECT Ha XPOHNYHUTE pecnu-

4.The pharmacological
andinhalation therapyrevolution

The fourth revolution in respiratory medicine
was characterized by the development of phar-
macological therapies and advanced inhalation
devices, which transformed the management of
chronicrespiratory diseases.

The introduction of beta-agonists in the mid-
20th century marked a turning pointin the treat-
ment of obstructive lung diseases. Short-acting
beta-agonists (SABAs) provided rapid relief of
bronchoconstriction, while long-acting beta-
agonists (LABAs) offered sustained symptom
control [16]. The development of inhaled corti-
costeroids (ICS) further advanced the manage-
ment of asthma and COPD. ICS became a corner-
stone of maintenance therapy, particularly for
patients with asthma, by reducing the frequency
and severity of exacerbations [17].

The combination of LABA and ICS in a single
inhaler represented a significant innovation in
respiratory pharmacology. These combination
therapies synergistically address both inflamma-
tion and bronchoconstriction, offering superior
efficacy compared to monotherapy [18]. The Glo-
bal Initiative for Asthma (GINA) and the Global
Initiative for Chronic Obstructive Lung Disease
(GOLD) guidelines have since endorsed combi-
nation therapies as a mainstay of treatment for
asthmaand COPD.

The development of metered-dose inhalers
(MDlIs) and dry powder inhalers (DPIs) revolutio-
nized drug delivery, ensuring that medications
reach the lungs with precision and minimal
systemic side effects. MDls, which deliver a
measured dose of medication via a propellant,
became widely available in the 1950s and remain
a popular choice for many patients. DPIs, which
rely on the patient's inhalation to disperse the
medication, offer an alternative for those who
struggle with the coordination required for MDI
use. These devices have improved adherence
and outcomes.

The impact of pharmacological and inhala-
tion therapy on respiratory medicine has been
profound. The widespread use of ICS and combi-
nation therapies has been associated with a sig-
nificant reduction in asthma-related hospitaliza-
tions and mortality [19]. Similarly, the introducti-
on of long-acting bronchodilators and ICS has
improved lung function and quality of life for
patients with COPD [20]. These advancements
have not only alleviated symptoms but also re-
duced the economic burden of chronic respira-
tory diseases on healthcare systems.



paTopHMN 3a60nABaHNA BbPXY CUCTEMUTE Ha
3[paBeona3BaHeTo.

5.PeBoniouunnaTa B MoneKynapHata
M npeyunsHaTa MeguLMHa

MeTaTa peBONtOLMSA B pecnpaTtopHaTa megu-
LMHa ce onpefens oT HaBNN3aHETO Ha MOJeKy-
nApHaTa u npeursHaTa MeAULIMIHA, KOATO TPaHC-
bopMMpa neyeHMETO Ha CNOXHUTE pecnupa-
TOPHU 3a60N1ABaHMA Upe3 TapreTHU Tepanuun u
nepcoHanusnpaHy nogxoau. Tasm NpomMsaHa Ha
napagurmata, obycsioBeHa OT Hanpeabka B re-
HOMWKaTa, MosieKynAapHaTa bronorua n buoTex-
HonorumuTe, NO3BosABa pa3paboTBaHETO Ha Te-
panuu, cbobpaseHn CbC cneunduUUHUTE reHe-
TUYHU, MONEKYNIIPHU 1 UMYHONOTUYHU Npodu-
NN Ha OTAenHWTe naumeHTn. OCHOBHMTE eTanu B
Ta3n peBONOLMA BKIIOYBAT BbBEXAAHETO Ha
OUONOrMYHN MeAMKaMeHTM 3a TeXKa acTma U
yrnoTpe6aTa Ha reHeTMYHoO npodunupaHe 3a
KapunHOM Ha 6enunsi 4pob, KOUTO 3HAUUTENHO
nopobpaBaT pesynTaTuTe 3a NaLMeHTn ¢ npesd-
XO[OHO pedpaKkTepHUN CbCTOAHMA.

EovH oT Hanm-3abenexutenHuTe ycnexu B
Ta3un peBonouMa e pa3paboTBaHeTo Ha brono-
rMYHN Tepanun 3a TexKa acTma. Te3u Tepanuu,
KOWTO BKJIIOUBAT MOHOKJIOHANHN aHTUTena, ca
HacoYeHU KbM crneundUYHM MBTULLE, yYacTBaLLM
B naToreHe3aTa Ha acTmaTa. Hanpumep omalizu-
mab, aHTUTANo cpely umyHornobynuH E (IgE),
[loKazaHo HaMansBa ek3auepbaununTe 1 Nogob-
pABa KOHTPOMa Ha CMMTOMUTE NPY NALUEHTU C
TeXKa anepruyHa actma [21]. Mo nogobeH HaumH
mepolizumab n benralizumab, konTo ca Hacoue-
HU cpewy interleukin-5 (IL-5), nemoHcTpupat
edrKacHOCT NpuM HamansABaHe Ha ek3auepba-
UMMTe M 3aBMCUMOCTTA OT KOPTUKOCTEPOUAU
npu nauyueHTn ¢ eo3nHodwHa actma [22,23].
Te3n 61oNOrMYHN MeANKaMEHTY NpeLCcTaBnABaT
3HAYUTENIHO OTK/IOHEHMe OT TPajULMOHHUTE
YHVBEpCanH1 MOAXoAu, KaTto nmpepnarat nep-
COHaNM3npaHy Bb3MOXHOCTU 3a JleyeHne Ha
naumeHTn cbe cneundryHn GeHOTUMHU 1 eHAo-
TUMHU XapPaKTEPUCTUKN.

B obnactta Ha 6enoapobHMA KapuuHOM
WHTErprpaHeTo Ha reHeTUYHOTO NpodunupaHe
U TapreTHWTe Tepanuy PeBOIOLMOHANN3Mpa
napagurmuTe 3a neuyeHuve. MipeHtnduuynpaHeto
Ha ApaliBEpHU MyTauuu, KaTo Hanpumep MyTa-
UMM Ha pelienTopa 3a envaepMarieH pacTexkeH
¢dakTop (EGFR) 1 npeHapexaaHua Ha KnHasaTa
Ha aHannacTuuyHua numdom (ALK), naBa Bb3Mox-
HOCT 3a pa3paboTBaHe Ha TapreTHW Tepanuw,
KaTo Hanpumep erlotinib u crizotinib [24]. [oka-
3aHO e, ue Te3n Tepanuu NoJo6PABAT NPeXu-
BAeMOCTTa 6e3 nporpecus 1 obLiaTa npexunsse-
MOCT NpW NaLMEHTN C aBaHCUpan HegpebHoK e-
TbUEH KapuVHOM Ha 6envsa apob, KouTo npuTe-
XKaBaT crneundrUUYHN reHeTUYHU M3MEHeHNA.
OcBeH TOBa MosiBaTa Ha YeKMNOWHT MHXMOUTOPY
KaTo pembrolizumab un nivolumab gonbnHuten-
HO pasLWwupsABa TepaneBTUYHNA apceHan, npea-

5.The molecularand precision
medicinerevolution

The fifth revolution in respiratory medicine is
defined by the advent of molecularand precision
medicine, which has transformed the treatment
of complex respiratory diseases through targe-
ted therapies and personalized approaches. This
paradigm shift, driven by advances in genomics,
molecular biology, and biotechnology, has ena-
bled the development of therapies tailored to
the specific genetic, molecular, and immunolo-
gical profiles of individual patients. Key milesto-
nes in this revolution include the introduction of
biologics for severe asthma and the use of gene-
tic profiling for lung cancer, which have signifi-
cantly improved outcomes for patients with pre-
viously refractory conditions.

One of the most notable advancements in
this revolution is the development of biological
therapies for severe asthma. These therapies,
which include monoclonal antibodies, target
specific pathways involved in the pathogenesis
of asthma. For example, omalizumab, an anti-
immunoglobulin E (IgE) antibody, has been
shown to reduce exacerbations and improve
symptom control in patients with severe allergic
asthma[21]. Similarly, mepolizumab and benrali-
zumab, which targetinterleukin-5 (IL-5), have de-
monstrated efficacy in reducing exacerbations
and corticosteroid dependence in patients with
eosinophilic asthma [22,23]. These biologics
represent a significant departure from traditio-
nal one-size-fits-all approaches, offering perso-
nalized treatment options for patients with spe-
cific phenotypicand endotypic characteristics.

In the field of lung cancer, the integration of
genetic profiling and targeted therapies has re-
volutionized treatment paradigms. The identi-
fication of driver mutations, such as epidermal
growth factor receptor (EGFR) mutations and
anaplastic lymphoma kinase (ALK) rearrange-
ments, has enabled the development of targeted
therapies like erlotinib and crizotinib, respecti-
vely [24]. These therapies have been shown to
improve progression-free survival and overall
survival in patients with advanced non-small cell
lung cancer harboring specific genetic alterati-
ons. Additionally, the advent of immune check-
point inhibitors, such as pembrolizumab and
nivolumab, has further expanded the therapeu-
ticarsenal, offering durable responsesin patients
with high programmed death-ligand 1 (PD-L1)
expression [25].
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nararikn TparHyM OTrOBOPY NPW NaumMeHTn ¢ BU-
coKa ekcnpecua Ha nuraHg 1 Ha nporpamupa-
HaTta cMbpT (PD-L1) [25].

EdekTbT Ha MonekynsapHaTa U npewumsHaTa
MefuLHA BbpXY PeCMPaATOPHUTE FPUXKU € 3Ha-
yrmo. MNpu naumeHTUTe C TeXKKa acTMa buono-
rMYHUTE CPeACcTBa HamanABaT ek3alepbauuute,
XocnuTanmsaunmnte n HeobxoaMMOCTTa OT CUC-
TEMHUN KOPTUKOCTEPOUAW, KaTO 3HAUUTENHO
nogobpsABaT KauyecTBOTO Ha uBOT [26]. Mpn
KapLmHoMa Ha 6enua Jpob TapreTHuUTe Tepanmm
N UMyHOTEpanuuTe npeBpblyaT egHo ¢aTtanHo
3ab0nsBaHe B CbCTOAHYE C MOTEHLMANHO ynpas-
nAema XpPOHUYHOCT 3a MHOro nauueHTn [27].
Te3n nocTmkeHMsa nogyepTaBaT BaXkHOCTTa Ha
pa3brpaHeTo Ha MexaHM3MKTe Ha 3abonABaHeTO
Ha MONEKYNAPHO HUBO W aganTUpPaHETO Ha
NeyYeHneTo KbM UHAMBUAYaANHMUTE Npodunmn Ha
nayuneHTuTe.

6.Al, TenemeanLUHa N yCbBbpLUEHCTBaHa
AUarHocTnKa

LecTaTa peBontouma B pecnipaTopHaTta Me-
AVUNHA Ce OBIXW Ha UHTEerpupaHeTo Ha u3-
KycTBeHUA uHTenekt (Al), TenemegmumHata n
YyCbBbpLUEHCTBaHaTa AMAarHoCTuKa. Te3nm HOBO-
Bb3HMKBALLM TEXHOOMMN AaBaT Bb3MOXKHOCT 3a
npemMnHaBaHe KbM MPOAKTUBHO, MepCOHanu-
31MpaHO 1 JOCTBIMHO 3[4paBeorna3BaHe, KaTo ce
CNpaBAT C AbNTOrTOAUWHNTE Npean3BuKa-
TeNncTBa B AMarHoOCTMKaTa, HabnogeHneTo u
KNVMHMYHOTO MOBefEeHMEe Ha pecnumpaTopHuUTe
3abonagaHua. Ypes n3nonssaHe Ha Al 3a aHanu3
Ha 1306paXKeHNs N MPOrHOCTUYHO MOAENPaHe,
pa3wupsABaHe Ha JOCTbMa Yypes TenemeauurHa
1 NOBYLWABaHe Ha AMarHOCTMYHaTa NpeLm3HoCT
C MoMoLLTa Ha NPEHOCKMM YCTPONCTBA N OTKPU-
BaHe Ha GMomapKepwu, Ta3y PeBOSIIOLNA € Ha MbT
Ja npepedvHMpa pecnupatopHaTa MeauLUHa
npe3 XXl Bek.

MN3KyCTBEHMAT NHTENEKT Ce NpeBpbLLa B MO-
WeH UHCTPYMEHT 3a AMarHoCTMKa B MyJMONO-
rmsaTa, ocobeHo Npu aHanM3 Ha MeaULUHCKU
n306paxkeHus. ANropuTMMTE Ha K3KYCTBEHUSA
WHTENEeKT, 0CO6eHO Te3n, KOUTO Ce OCHOBABAT Ha
deep learning, gemoHcTpUpaT 3abenexnTesnHa
TOYHOCT NPV UHTEPNPETNPAHETO Ha PEHTTEHOBM
CHVMKM Ha rPpbAHNA KOL 1 KOMMIOTBPHM TOMO-
rpadum (KT) 3a CbCTOAHNA KaTo KapLMHOM Ha be-
nma apo6, nHeBMOHMA 1 6enogpobHa ¢prbposa
[28]. Hanpumep, pa3paboTteHu ca cuctemu c Al,
KOUTO OTKPUBAT KapLWHOM Ha 6enusi 4pob B pa-
HeH CTafiui C YyBCTBUTENTHOCT 1 CcNeundUUHOCT,
CPaBHVIMU C TE3U HA CNeLVanncTiTe no obpasHa
AVarHoCTMKa Unn gopu Hagsuwasawm rn [29].
OcBeH B 0bpa3HaTa MeanumHa, Al ce n3nonsea 3a
NpeauKTUBHO MofJenupaHe 3a uaeHTudunun-
paHe Ha NauueHT C PUCK OT eK3aLepbaumm npu
XOBb 1 acTma. AHanu3nparnky ronemm Macvsm
OT JaHHW, BKIIOUNTEIHO €NIeKTPOHHWN 34paBHM
pocmeta (EHR) n gaHHM OT MOHUTOPUHT B peasiHo
Bpeme, Al MoXe Oa NpoOrHosupa eksauepba-

The impact of molecular and precision
medicine on respiratory care has been profound.
For patients with severe asthma, biologics have
reduced exacerbations, hospitalizations, and the
need for systemic corticosteroids, significantly
improving quality of life [26]. In lung cancer,
targeted therapies and immunotherapies have
transformed a once uniformly fatal disease into a
condition with potentially manageable chroni-
city for many patients [27]. These advancements
underscore the importance of understanding
disease mechanisms at the molecular level and
tailoring treatments to individual patient profi-
les.

6.Al, telemedicine, and advanced
diagnostics

Thessixth revolutionin respiratory medicineis
being driven by the integration of artificial intelli-
gence (Al), telemedicine, and advanced diagnos-
tics. These emerging technologies are enabling a
shift toward proactive, personalized, and acces-
sible healthcare, addressing longstanding cha-
llenges in the diagnosis, monitoring, and mana-
gement of respiratory diseases. By leveraging Al
for imaging analysis and predictive modeling,
expanding access through telemedicine, and
enhancing diagnostic precision with wearable
devices and biomarker discovery, this revolution
is poised to redefine respiratory medicine in the
21stcentury.

Artificial intelligence has emerged as a po-
werful tool in respiratory diagnostics, particular-
ly in the analysis of medical imaging. Al algo-
rithms, particularly those based on deep lear-
ning, have demonstrated remarkable accuracy
ininterpreting chest X-rays and computed tomo-
graphy (CT) scans for conditions such as lung
cancer, pneumonia, and pulmonary fibrosis [28].
For example, Al systems have been developed to
detect early-stage lung cancer with sensitivity
and specificity comparable to, or even excee-
ding, that of human radiologists [29]. Beyond
imaging, Alis being used for predictive modeling
to identify patients at risk of exacerbations in
COPD and asthma. By analyzing large datasets,
including electronic health records (EHRs) and
real-time monitoring data, Al can predict exacer-
bations and optimize treatment plans, enabling
timely interventions and reducing hospitaliza-
tions[30].



uuuTe 1 ga onTMK3KMpPa NaHOBETE 3a ieueHue,
KOETO NMo3BOJIsiIBa HABPEMEHHU UHTEPBEHLMN 1
HamManABaHe Ha Xxocnutanu3auunuTe [30].

TenemegnumHaTta ce npeBpblya B Kpalbrb-
JIeH KaMbK Ha CbBPEMEHHUTE PECnUpPaToOpPHU
rpviXun, ocobeHo cnep naHaemmaTta ot COVID-19.
Mnatpopmnute 3a TenemeguumHa ynecHsBaT
BMPTYa/NHUTE KOHCYNTauuu, AUCTaHLMOHHOTO
HabniogeHne 1 obyyeHMETo Ha nayuneHTuTe,
KOETO MpaBX PecnupaTopHUTE TPUXKKU MNOo-Ao-
CTbIMHKW, 0cO6EHO 3a XopaTa B CENCKMTE palioHN
WM B PalioHNTE C HEJOCTAaTbYHO 3[PaBHO 0O6-
cnyxBaHe [31]. Mpn nayneHTN C XPOHUYHIK pec-
nupaTopHu 3abonABaHWA TenemMmeauLMHaTa AaBa
Bb3MOXXHOCT 33 HEMPEKbCHATO HabnoaeHre Ha
cumntommTe 1 GenofpobHaTa GyHKLUMA, KOETo
HamansABa HeobXoAMMOCTTA OT YeCTU JINYHU
nocewyeHus. To3m noaxop He camo nopobpsea
yAoOCTBOTO Ha MauMeHTUTe, HO M MOBULIABA
NPUAbPXKAHETO KbM TepaneBTUYHUTE CXEMU U
PaHHOTO OTKpUBAHE Ha NporpecKaATa Ha 3abons-
BaHETO.

Pa3paboTBaHeTo Ha MPeHOCMMU YCTPOICTBA
N TEXHOJNIOTMM 32 MOHUTOPVIHT B PeasiHO Bpeme
BOAW OO PEBOJMIOLMA B HauMHa Ha KIMHWYHO
ynpaB/ieHVe Ha pecnMpaTopHuTe 3abonAaBaHuA.
MpeHoCMUMTE CEH30PY OCUTYPSBAT HEMPEKbC-
HaTu JaHHKW 3a 6enofpobHaTa GyHKLKMA, KMCo-
pofHaTa caTypauusa u ¢usnyeckaTa akTUBHOCT,
KOETO MO3BOJIsIBa NEPCOHANN3NPaHN U OCHOBa-
HW Ha faHHW rpwxu [32]. Te3n ycTponcTea gaBat
Bb3MOKHOCT Ha MaLNEHTUTE Aa MOeMaT akTMBHa
ponAa B KNMHNYHOTO NOBefeHME Ha CBOUTE CbC-
TOSIHMA, KaTo CbLUEBPEMEHHO MPEeAOCTaBAT Ha
nekapute nHpopmaLus, KoATO MoXe Aa 6bae 13-
nonssaHa. OcBeH TOBa HanNpPeabKbT B OTKPKBa-
HeTo Ha 6romapKepu No3BosABa NAeHTUOUL K-
paHeTo Ha HOBM ANArHOCTUYHW U MPOTHOCTUYHN
MapKepu 3a pecnupaTtopHu 3abonsiBaHus. Ha-
npUMep OTKPMBAHETO Ha cneundryHn bruomap-
Kepw B KOHAEH3AT OT M3AMLLAH Bb34YX VN KPbB-
HV NPo6U MOXe Aia YNeCHN PaHHOTO ANarHoCTu-
LUMpaHe Ha KapuuvHOM Ha 6enua apob unu aa
nporHo3upa ek3awepbavumute npu XOBB [33].

Anckycna

MeTTe peBonoOLUN B pecnpatopHaTta Meau-
LUMHa oOxBalLaT aHaTOMUYHUTE N GU3MONOrNY-
HUTE OTKPWUTUA, TeopMATa Ha MUKPOOPraHmn3-
MUTE, MEXaHWYHaTa BeHTUnauusa, ¢papmakosno-
rMYHWUTE MOCTUXKEHUA W Mpeum3HaTa MOoneKy-
NAPHA MeAnLMHA, KaTo BCAKA OT TAX € M3rpajeHa
BbPXY OCHOBUTE, MOJIOXKEHW OT TeXHWUTe npep-
LwecTBeHNUM. AHaTOMMYHaTa 1 GU3nonornyHaTa
peBonioLmsa ocurypsasa GyHAAMEHTATHOTO pas3-
6upaHe Ha CTpyKTypaTa 1 GyHKUMATa Ha mxa-
TesIHaTa CMCTEMA, KOETO JaBa Bb3MOXKHOCT 3a Mo-
cnepBalm npobuBy B KOHTPOsa Ha MHGEKLMOo3-
HUTe 3a60ABaHNA, UHTEH3VBHIWTE MPUXKUN U pa3-
paboTBaHeTO Ha MefvKameHTU. PeBontoumaATa
Ha TeopuATa Ha MUKPOOPraHM3MUTE BbBEXKAa
KOHLlenuuMsATa 3a LesieHaCoYeHU MHTEPBEHLMM

Telemedicine has become a cornerstone of
modern respiratory care, particularly in the wake
of the COVID-19 pandemic. Telemedicine plat-
forms facilitate virtual consultations, remote mo-
nitoring, and patient education, making respira-
tory care more accessible, especially forindividu-
alsinrural orunderserved areas [31]. For patients
with chronic respiratory conditions, telemedi-
cine enables continuous monitoring of symp-
toms and lung function, reducing the need for
frequent in-person visits. This approach not only
improves patient convenience but also enhan-
ces adherence to treatment regimens and early
detection of disease progression.

The development of wearable devices and
real-time monitoring technologies has revolu-
tionized the way respiratory diseases are mana-
ged. Wearable sensors provide continuous data
on lung function, oxygen saturation, and physi-
cal activity, allowing for personalized and data-
driven care [32]. These devices empower pati-
ents to take an active role in managing their
conditions while providing clinicians with actio-
nable insights. Additionally, advances in biomar-
ker discovery are enabling the identification of
novel diagnostic and prognostic markers for
respiratory diseases. For instance, the detection
of specific biomarkers in exhaled breath conden-
sate or blood samples can facilitate early diag-
nosis of lung cancer or predict exacerbations in
COPD [33].

Discussion

The five revolutions in respiratory medicine -
spanning anatomical and physiological discove-
ries, germ theory, mechanical ventilation, phar-
macological advancements, and molecular pre-
cision medicine - have each built upon the foun-
dations laid by their predecessors. The anato-
mical and physiological revolution provided the
fundamental understanding of respiratory struc-
ture and function, enabling subsequent break-
throughs in infectious disease control, critical
care, and drug development. The germ theory
revolution introduced the concept of targeted
interventions against pathogens, which later
informed the development of antibiotics and
vaccines. The advent of mechanical ventilation
and critical care addressed acute respiratory
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cpelly naToreHu, KOATO MO-KbCHO CYXKM KaTo
OCHOBa 3a pa3paboTBaHETO Ha aHTUOMOTULM
BakcMHU. C nosiBaTa Ha MeXaHW4YHaTa BEHTWMa-
LMA Y UHTEH3MBHWTE FPVXNM Ce MOCTMra pesynTat
C Nnpobnema c ocTpaTta guxaTefiHa He[OCTaTby-
HOCT — NpeAn3BMKaTENCTBO, KOETO CTaBa BCe No-
aKTyasIHO CbC 3aCTapABAHETO HA HACENEHNETO U
pa3npoCcTpaHeHNeTo Ha XPOHUYHKTE 3ab0nsABa-
HuA. PeBonouuATa BbB dapmakonornyHata u
MHXanaTopHaTa Tepanusa yCbBbPLUEHCTBA Ku-
HWYHOTO yMpaBfieHVe Ha XPOHWYHWTE pecnu-
paTopHU 3a60NABaHUSA, KaTo MOATOTBS NoYyBaTa
3a peBoSiOUMATA B MOJEKYsipHaTa U npeuns-
HaTa MeAMUMHA, KOATO MepcoHanu3vpa feve-
HMETO Ype3 BUONOTrMYHUN CPELCTBA U FEHETUYHO
npodunmpaxe.

Bb3HMKBALLATa WeCTa peBONOLUSA, 3afBUX-
BaHa oT Al, TenemeguurHaTa U YyCbBbPLUEHCT-
BaHaTa AMarHoCTUKa, NpeaCcTaBsABa eCTeECTBEHO
pa3BuTMe Ha Ta3u TpaekTopus. Kato mn3nonssa
pe3ynTatuTe, 6a3vpaHn Ha JaHHU, U LbpoBU
TEXHOJNIOTUU, Ta3n PEeBOIOLUS MOXe fa Ce
CNpaBu C AbroroAnLIHN Npean3BrKaTescTea B
0611acTTa Ha pecnpPaTopHUTE FPUKM, KaTo PaH-
HO OTKpVBaHe Ha 3abonABaHUs, AUCTaHLUOHHO
HabniogeHne Ha nauyveHTUTe U ONTUMU3UPaHE
Ha NepCoHaNM3nPaHoOTO NIeYeHMe.,

Bbaewm HacoKn: cnekynauum 3a cegmara
pesonoLua

CepgMmaTa peBonioLMA B pecnvpaTopHaTa me-
AVLUMHA MOXe Aia Ce XapaKTepu3npa C PeBOJIto-
LIMOHHN MHOBaLUM B 0611acTTa Ha HAHOTEXHOMO-
rmmTe, pereHepaTBHaTa MeauUMHa U UHTep-
delicmte MO3bK-6a11 P06, Hapes c Apyru obnac-
TU. Bbnpeku ue Te3n Bb3MOXKXHOCTIN OCTaBaT cre-
KynaTuBHM, Te Mog4YepTaBaT NOTeHUMana 3a npo-
ObiKaBaHe Ha MHOBALMUTE B pecnupaTopHaTa
mMeguumHa.

HaHouacTrymte 6uxa mornu ga ce n3non3eat
3a LeneHacoyeHo AOCTaBAHE Ha MeAUKaMeHTH,
KaTo ce cBegaT 4O MUHUMYM CUCTEMHUTE CTpa-
HUYHU ePeKTN 1 ce NOCTUTHE MaKCUMarsHa Tepa-
neBTUYHa epukacHocT [34]. Hanpumep, HaHOHO-
cutenute 6uxa MOrM Aa AOCTaBAT XMMMUOTEpa-
nMA OVPEKTHO [0 KIeTKuTe Ha 6enofgpobHuA
KapLMHOM, KaTo CbLeBPEMEHHO 3arna3BaT 34pa-
BaTa TbKaH.

HanpegbKkbT B MHXEHEpPCTBOTO Ha Geno-
ApobHaTa TbKaH 1 TepanuAaTa CbC CTBOJOBYU
KNeTKM MOXe [a MOo3BOJIN Bb3CTaHOBABAHETO
UM 3aMeCcTBaHeTO Ha yBpefeHa GenofpobHa
TbKaH nNpu cbcToAHUA Kato XObb n 6enogpobHa
¢unbpo3a [35]. BuonHxeHepHUTE 6enn fpobose,
oTrnefaHn OT KNeTKM Ha MnauueHTa, eguH feH
MoraT fa npemaxHaT HyXaata oT AOHOPCKU
opraHm.

HoBuTe m3cneaBaHUA Ha OCTa MO3bK-06An
P06 NoKa3BaTt, Ye HePBHUTE CUTHANM MOraT Ja
UrpasaT PonA B perynnpaHeTo Ha AuxaTtesiHaTa
dyHKUMA [36]. BbgewmTte TexHonorny 6rixa mor-
NN Ja N3non3eaT Tasy Bpb3Ka 3a pa3paboTBaHe

failure, a challenge that became increasingly
relevant as populations aged and chronic disea-
ses proliferated. The pharmacological and inha-
lation therapy revolution refined the manage-
ment of chronic respiratory conditions, setting
the stage for the molecular and precision medi-
cine revolution, which has personalized treat-
mentthrough biologics and genetic profiling.

The emerging sixth revolution, driven by arti-
ficial intelligence (Al), telemedicine, and advan-
ced diagnostics, represents a natural progression
in this trajectory. By leveraging data-driven in-
sights and digital technologies, this revolution is
addressing longstanding challenges in respira-
tory care, such as early disease detection, remote
patient monitoring, and personalized treatment
optimization.

Future directions: speculating on the seventh
revolution

The seventh revolution in respiratory medici-
ne may be characterized by groundbreaking
innovations in nanotechnology, regenerative
medicine, and brain-lung interfaces, among
other areas. While these possibilities remain spe-
culative, they underscore the potential for
continuedinnovationinrespiratory medicine.

Nanoparticles could be used for targeted
drug delivery, minimizing systemic side effects
and maximizing therapeutic efficacy [34]. For
example, nanocarriers could deliver chemothe-
rapy directly to lung cancer cells while sparing
healthy tissue.

Advances in lung tissue engineering and
stem cell therapy could enable the repair or
replacement of damaged lung tissue in conditi-
ons such as COPD and pulmonary fibrosis [35].
Bioengineered lungs, grown from a patient's
cells, may one day eliminate the need for donor
organs.

Emerging research on the brain-lung axis
suggests that neural signals may play a role in
regulating respiratory function [36]. Future
technologies could harness this connection to
develop novel therapies for respiratory diseases,



Ha HOBW Tepanun 3a pecnupaTopHU 3abons-
BaHWA, KaTO Hanpumep HEBPOHHWU VMMIAHTU,
KOUTO MOZynupaT MofenvTe Ha AullaHe npu
naLneHTU C LeHTPAsTHA CbHHa anHes.

NHTerprpaHeTo Ha [JaHHW OT reHOMMUKaTa,
npoTeomMuKaTa 1 MeTabosioMmKata 61 Mmorno aa
[aAe Bb3MOXHOCT 3a 6e3npeLeaeHTHa npeuns-
HOCT NPY ANArHOCTULIMPAHETO 1 JIeYeHNETO Ha
pecnupaTopHn 3abonasaHuA. Hanpumep, myn-
TUOMUYHOTO NMpodUnMpaHe MoXe Aa WAEHTU-
durLmMpa HOBM BUOMapKepy 3a paHHO OTKpUBaHe
Ha 3ab0/1ABaHETO UMM Aia NPOrHO31pPa NHAUBU-
[yasiHyA OTroBOp Ha crneLnduyHu Tepanmu.

Po6oTu3mpaHuTe cuctemu, ynpasnsiBaHu ot
W3KYCTBEH VHTENEKT, O1Xa MOrnu a N3BbpLUBaT
MVHMMANHO MHBa3NBHY 6enofpobHu onepauum
C HeCpaBHVMa NPELM3HOCT, KaTo HaManAT Bpe-
METO 3a Bb3CTaHOBABAHE N NofobpAT pesynTa-
TuTe [28]. OcBeH ToBa Al MOXe Aa ynecHU OTKpu-
BAHETO Ha HOBM MeAVKaMeHTV 1 TepaneBTUUYHN
Luenu uypes yCbBbPLUEHCTBAHO KOMMIOTbPHO
MoZenvpaHe.

3aknioueHune

NcTopuATta Ha pecnupaTopHaTa MeguuuHa e
CBMAETeNCTBO 3a CUaTa Ha HayYHUTe NHOoBaL
1 CNOCOBHOCTTa UM fia MPOMEHSAT FPUXKMTE 3a Na-
umeHTuTe. OT paHHUTE aHAaTOMUYHWN U3CSefBa-
HUA Ha faneH 1 Xapeu Ao pa3paboTBaHETO Ha
61onormYHN CpeacTBa U TapreTHY Tepanun, Tesu
peBoONOLMN KONEKTUBHO HaManABaT CMbPT-
HOCTTa, Nofo6PABAT KAYECTBOTO Ha KMBOT U pas3-
LWIMPABAT XOPU3OHTUTE Ha Bb3MOXKHUTE pecnu-
PaTOPHU FPUXN.

LLlectata peBontouus, 3aaBM»BaHa OT U3KYC-
TBEHUA WHTENEKT, TeflemefmnumHaTa 1 yCbBbp-
LeHCTBaHaTa AMarHoCTMKa, NpeacTasnsaBa HOBa
rpaHnua B pecnMpatopHaTa meguumHa. Kato
N3MON3Ba CuiaTa Ha TEXHONOrMmTe, OCHOBaHM Ha
[aHHK, Ta3n peBosouus obelyaBa aa nogobpu
olle noBeve PaHHOTO OTKPMBaHe Ha 3abonsBa-
HMUATA, Aa NepCoHann3nMpa TepaneBTUYHUTE
CcTpaTternn v aa paswmpm 4oCTbria 40 FPUXNn.

such as neural implants that modulate breathing
patternsin patients with central sleep apnea.

The integration of genomics, proteomics,
and metabolomics data could enable unprece-
dented precision in diagnosing and treating
respiratory diseases. For example, multi-omics
profiling could identify novel biomarkers for
early disease detection or predict individual
responses to specific therapies.

Al-driven robotic systems could perform mi-
nimally invasive lung surgeries with unparalleled
precision, reducing recovery times and impro-
ving outcomes [28]. Additionally, Al could facili-
tate the discovery of new drugs and therapeutic
targets through advanced computational mode-
ling.

Conclusion

The history of respiratory medicine is a testa-
ment to the power of scientificinnovation and its
ability to transform patient care. From the early
anatomical studies of Galen and Harvey to the
development of biologics and targeted thera-
pies, these revolutions have collectively reduced
mortality, improved quality of life, and expanded
the horizons of what is possible in respiratory
care.

The sixth revolution, driven by Al, telemedi-
cine, and advanced diagnostics, represents a
new frontier in respiratory medicine. By harnes-
sing the power of data-driven technologies, this
revolution promises to further enhance early di-
sease detection, personalize treatment strate-
gies,and expand access to care.
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TIOTHOHONYLLEHE
OT AETCKA Bb3PACT
W PAK HA BEJIUA [IPOb

H. flnes, [I. AumnTtposa, [l. KoctagnHos

MepnumHckn yHuepcutet Codua
YMBA,Cs. ViBaH Punckn”
bpoHxonornyHo otgenexve

Pesiome

TioTIoHEeBaTa eKCNo3uLKMA OT paHHa Bb3pacT yBeNMYaBa prcKa OT Pa3BMTME HA pak Ha G6enus
[P06 B MO-KbCEH eTan OT KUBOTa 1 MOXeE [la Ce pa3rnexa 1 KaTo He3aBNCMM PUCKOB ¢pakTop. PaHHOTO
nyLueHe ycunea BpeHuTe epeKTr Ha AMa 1 YCKOPABa HauyaioTo Ha KaHLLepOreHHMA npoLiec.

EkcneptnTe B 06nacTTa Ha 34paBeona3BaHETO Ca eAUHOAYLIHW, Ye MpefoTBPaTABAHETO Ha
nyweHeTo B MflagaTa Bb3pacT 1 6bp30TO OTKa3BaHe OT Hero ca OCHOBHM CTpaTeruu 3a crnpassaHe C
HacToALaTa NaHAEMMA OT paK Ha 6enuna Apob B 3pana Bb3pacT.

MepkuTe, 3anoxeHn B PamkoBaTa KOHBeHUUA Ha CBETOBHAaTa 34paBHa OpraHm3aLums 3a KOHTPO
Ha TIOTIOHA, Npeanarat epeKTUBEH NOAXOA 3a Cb3/laBaHe Ha CBAT 6e3 TIOTIOHEB AWM 1 MpeKpaTABaHe Ha
3abonnaBaHWATa, CBbP3aHM C TIOTIOHOMYLLIEHETO, KOATO TPA6BA la 6bAe BHeapeHa v B bbarapus.



SMOKING
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AND LUNG CANCER
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Abstract

Early exposure to tobacco increases the risk of developing lung cancer later in life and can be
considered an independent risk factor. Early smoking enhances the harmful effects of smoke and
accelerates the onset of the carcinogenic process.

Health experts agree that preventing smoking at a young age and quitting smoking quickly are
key strategiesin tackling the currentlung cancer pandemicin adulthood.

The measures outlined in the World Health Organization's Framework Convention on Tobacco
Control offer an effective approach to creating a smoke-free world and eliminating smoking-related
diseases, which should also beimplemented in Bulgaria.

reviews
Thoracic Medicine

Volume X1V, Issue 1
May 2025




TIOTHOHOMYLLEHE
OT IETCKA Bb3PACT
I PAK HA BENWA IPOB

TopakanHa MeguuuHa
Tom X1V, 6p.1
Man 2025

BbBeageHne

TioTIOHONYLLEHETO YeCTo ce pasrfexaa Kato
nepvatpuueH npobnem (1). Bcekn peH mex gy 82
000 n 99 000 mnagm xopa 3anoysat Aa nyLuar,
KaTo 80% OT TAX Ca OT AbPKaBU C HACKK JOXOAMN
(2). AKO HacToAwMTe TeHAEHUMN MPOAbIIKAT,
Hag 200 mununoHa mnagm xopa nog 20 roanHu we
3arvHaT npexxaeBpeMeHHO OT 3abonsaBaHwusA,
CBbP3aHU C TIOTIOHOMYLLIEHETO.

HenocpencteeHuTe 38paBHN edeKTn BbpXY
JeuaTa BK/oUBaT NO-BMCOKN HMBA Ha Kalnuua,
yMOpa 1 3aflyX B CPaBHEHe C TeXHW BPbCTHULN,
KouTo He nywar. lNywaunte cbLio ca no-nopgat-
JIVBM HA aneprum, pecnupaTopHU 1 YLIHN MHbEK-
LMW, NOBYLUIEH PUCK OT acTMa M HapylueHue B
pacTexa Ha 6enute fpobose (3).

PaHHaTa ekcno3mums Ha TIOTIOHEB AUM YBe-
NMYyaBa prcKa oT pak Ha 6enua opob 1 cbpaeu-
HO-CbA 0BV 3ab60NABaHWA (4) Npe3 uenns XNBoT.

TioTioHONYyLIEHETO BOAM 10 PaK Ha pa3nnyHu
OpraHu, BKIIOUYUTESTHO YCTHaTa KYXUHa, HOCa, be-
nute apoboBe, NaHKpeaca, NMUKOUYHUA Mexyp ”
apyru.

OcBeH pgbarotpaliHmuTe npomeHun B JHK,
Bb3MOXXHOCTTa 33 06PATUMOCT Ha PaKOBMA PUCK
cnep cnvpaHe Ha TIOTIOHOMYLEHETO MOKa3Ba
yuyacTeTo Ha enureHeTUYHN GpakTopu B KaHLe-
poreHesaTa. CbluecTByBa BEPOATHOCT 3a ,Kpu-
TUYeH nepuopn’, Korato 6enoapobHaTa TbKaH e
0cobeHO nopaTnBa Ha KaHueporeHesata. PaH-
HUAT CTapT Ha TIOTIOHOMYLLIEHE MOXKe [a € CaMo-
cTosiTeNieH puUCcKoB dakTop UM Aa noBnauaBa
ypes yab/kaBaHe Ha BPEMETO Ha U3faraHe Ha
TIOTIOHEB 1M, @ TOBA € KJTIYbT KbM OBNlasiBaHe
Ha rno6asnHaTta naHaemMus oT pak Ha 6enna gpoo.

Cb3aBaHeTO Ha 3A4paBHa cTpaTerus 3a orpa-
HUYaBaHe Ha TIOTIOHONYLEHEeTO (aKTUBHO U1 Na-
CVBHO) OT AeTCKa Bb3pacT MOXe [a Hamanu 3a-
6051eBaeMOCTTa 1 CMbPTHOCTTA OT pakK Ha b6enus
Apob.

TiOTIOHBT N NaHAEeMUATa OT pak
Ha 6enunAa gpo6

TioTIoHOMNYyLWEHeTO nma AbAra NCTOPUA, KaTo
MbpPBOHaYanHo e 61O N3MNON3BaHO B PENNMNO3-
HW putyanu owe npe3 6000 r. np.H.e. TIOTIOHBT
CTaBa WMPOKO pasnpocTpaHeH cned 1492 r.,, Ko-
rato Konym6 HabniofaBa MecTHUTE XuUTenu Aa
nywar.

Mpe3 XVII-XIX Bek, nekapute BApBanu B ne-
yebHMTe CBOMCTBA Ha TIOTIOHA, HO npe3 1670 T.
XONaHACKUAT aHaToM KekepuHIr nocouyBa JoKa-
3aTencTBa 3a Bpb3KaTa Mexay nyLieHerto v 6eno-
Lpo06HMTe 3a6onaBaHusA (5).

MNpe3 cnepgalynTe BEKOBE TIOTIOHOMYLLIEHETO
ce pa3snpocTpaHasa B EBpona n no ceeTa, Kato
3anousa fa BoAM A0 ,MaHaemus oT 3abonsBa-
HUA", CBbP3aHU C TIOTIOHa Npe3 XX BeK (6).

Introduction

Smoking is often considered a pediatric pro-
blem (1). Every day, between 82,000 and 99,000
young people start smoking, with 80% of them
from low-income countries (2). If current trends
continue, more than 200 million young people
under 20 years old will die prematurely from
smoking-related diseases.

The immediate health effects on children
include higher levels of coughing, fatigue, and
shortness of breath compared to their non-smo-
king peers. Smokers are also more susceptible to
allergies, respiratory and ear infections, an incre-
ased risk of asthma, and impaired lung growth
3).

Early exposure to tobacco smoke increases
the risk of lung cancer and cardiovascular disea-
ses (4) throughout life.

Smoking leads to cancer in various organs,
including the oral cavity, nose, lungs, pancreas,
bladder,and others.

In addition to long-term DNA changes, the
reversibility of cancer risk after quitting smoking
suggests the involvement of epigenetic factors
in carcinogenesis. There is a likelihood of a "criti-
cal period" when lung tissue is particularly sus-
ceptible to carcinogenesis. Early smoking initia-
tion may be an independent risk factor or exert
its effect by prolonging the duration of exposure
to tobacco smoke, which is the key to controlling
the global lung cancer pandemic. Developing a
health strategy to limit smoking (both active and
passive) from childhood could reduce lung can-
cermorbidity and mortality.

TobaccoandthelLung
Cancer Pandemic

Smoking has a long history, initially used in
religious rituals as early as 6000 BC. Tobacco
became widespread after 1492 when Columbus
observed indigenous people smoking.

Between the 17th and 19th centuries, doc-
tors believed in the medicinal properties of to-
bacco, but in 1670, Dutch anatomist Kekerling
pointed out evidence of the link between smo-
kingandlungdiseases (5).

Overthe following centuries, smoking spread
across Europe and the world, leading to a "pan-
demic of tobacco-related diseases" in the 20th
century (6).



MNpe3 XX BeK HayyHWTe M3cnenBaHNA OKOH-
YyaTesIHO YCTaHOBABAT, Ye OCHOBHMAT €TUONOT -
yeH paKTop 3a pak Ha H6envs Opob e TITIOHOMY-
weHeTo (5). laHHWTe NoKa3BaT, Ye paKkbT Ha be-
nus apo6 ybrea okono 1,5 MyunvoHa aywu ro-
LAVILLHO 1 BPOSAT Ha XKepTBUTE e HapacHe 3Ha-
YMTeNHO npes cnefpalnTe gecetnnetus, a 95%
OT Te3u CJlyyan ca NpefoTBpaThMy Ypes cnmpa-
He Ha eKCno3uumMATa Ha LurapeH gum — KakTo
aKTUBEH, TaKa 1 nacuseH (7).

Bb3pacTHa3anouyBaHe Ha TIOTIOHOMNYLIEHETO
PaHHaTa ynotpeba Ha TIOTIOH € CBbp3aHa C
MHOXEeCTBO 3[}paBHU MNOCIeQULU, KOUTO Ce NPo-
ABABAT NOYTM He3abaBHO, KaTo yBpexiaHe Ha
LVxaTesiHaTa U CbpAeYHO-CbioBaTa CMCTEMa, HO
CHLLO TaKa U pa3BUTUE Ha PaK Ha benus apob e
MHOrO MO-BEPOATHO Cpef Te3u rpynu, KOWUTO
3anoyBaT Aa nywar B MiagexKa Bb3pacT (8).

NaHHu ot National Survey on Drug Use and
Health (2010) noka3BaT, Ye BCEKW [€H OKOJ0
3800 mnagm xopa nog 18 roguHm,,3ananeat Nbp-
BaTa cu umrapa’, kato okono 1000 oT TAx cTaBaT
pefoBHM nywauun (9). MNpucTpacTABaHETO KbM
uurapuTe ce pasBrBa MHOIo No-6bP30 OT Ovak-
BAHOTO, KaTO HAKOW Miagexu npoasaAsaT npus-
HauM Ha 3aBMCMMOCT CaMO [€eH cnef MbpBOTO
BAMLLBaHe Ha uurapeH amm (10). ToBa obAcHABa
3all0 MHOro MJafexu, KoUTo 3anoyBaT Aa
nyLlaT, He MoraT fja ce OTKakaT opu cfief onuTin
(10).

B Hawata cTpaHa Hag 80% OT Bb3pacTHUTE
nywayy CTapTvpaT TIOTIOHOMYLEHEeTO B IOHO-
weckuTe cun rognnHu (11), a ako He 3anoyHar aa
nyLwaT 4o Kpas Ha IOHOLWeCTBOTO, BEPOATHOCTTA
[a CTaHaT NyLwaym KaTo Bb3pacTHU e maska (8).

JInTepaTypHuM AaHHU coyaT, Ye NMKOBUTE ro-
[OVIHV 3@ 3aM0YBaHe Ha TIOTIOHOMYLIEHE Ca MeXay
11 n 13 roguHum (8, 12), a cnopepn Apyro npoyu-
BaHe, 8,8% OT yueHnuyuTe B 8-Mn Knac ca ,onu-
Tanu uurapa” owe B 5-u knac (Ha 10-11 roguHn),
KaTo noBeye OT eHa TpeTa CTaBaT PefOBHMU Ny-
Wayn npeam fa 3aBbpLuat rumHasuata (13).

B Bbnrapua Hag 40,0% OT yyeHumumTe 3anan-
BaT MbpBaTta cu umrapa Ha 14-15roanHu, a egnH
OT BCEKMU LLIECT IOHOLIA € aKTMBeH nywad. o aH-
KeTHW JaHHW noBeye OT MOJSIOBMHATa yYeHUUn
nyLwaT UHTEH3MBHO — HaA 6 UMrapu Ha AeH, KaTo
npeo6nagaBat MoOMYeTaTa, a NpU3HaUK 3a cepu-
0O3Ha 3aBMCUMOCT (3aMnaniBaHe Ha uurapa BefHa-
ra cnep cbH) nokaseat 20,0% oT MomuyeTaTa 1
26,7% oT MoMMnYyeTaTa Ha Bb3pacT 15-19 roguHun
(.

B Bbnrapusa npoyusaHe BbB BapHeHcKa 06-
nact cpef yueHuum ot IX go Xl knac nokassa, ye
nyLlaynTe ca NoBeYye OT MOJIOBMHATA OT aHKeTU-
paHuTe FMMHA3UCTU — pasnpegeneHn no non
54% ca momunyeTa, a 46% ca momyeTa (14).

By the 20th century, scientific research defi-
nitively established that smoking is the primary
etiological factor for lung cancer (5). Data indi-
cate that lung cancer kills about 1.5 million pe-
ople annually, and the number of victims is ex-
pected to rise significantly in the coming deca-
des. However, 95% of these cases are preventa-
ble by eliminating exposure to cigarette smoke -
both active and passive (7).

Age of Smoking Initiation

Early tobacco use is associated with multiple
health consequences that appear almost imme-
diately, such as damage to the respiratory and
cardiovascular systems. Additionally, lung can-
cer is much more likely to develop among those
who start smoking atayoungage (8).

Data from the National Survey on Drug Use
and Health (2010) show that about 3,800 young
people under 18 start smoking every day, with
about 1,000 of them becoming regular smokers
(9). Nicotine addiction develops much faster
than expected, with some youths exhibiting
signs of dependence just a day after their first
inhalation of cigarette smoke (10). This explains
why many young people who start smoking are
unable to quit despite attempts (10).

In Bulgaria, over 80% of adult smokers started
smoking during their teenage years (11), and if
they do not start smoking by the end of adoles-
cence, the likelihood of becoming smokers in
adulthoodislow (8).

Literature data indicate that the peak years
for smoking initiation are between 11 and 13
years (8, 12). According to another study, 8.8% of
eighth-grade students had tried a cigarette as
early as fifth grade (at 10-11 years old), with more
than one-third becoming regular smokers befo-
re finishing high school (13).

In Bulgaria, over 40% of students light their
first cigarette at 14-15 years old, and one in six
teenagers is an active smoker. Survey data show
that more than half of students smoke intensive-
ly — more than six cigarettes a day - predomi-
nantly boys. Signs of severe addiction (lighting a
cigarette immediately after waking up) are ob-
served in 20% of boys and 26.7% of girls aged 15-
19years(11).

A study in the Varna region among ninth to
eleventh-grade students found that more than
half of the surveyed high school students were
smokers—>54% girlsand 46% boys (14).
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Bucoka e pasnpocTtpaHeHOCTTa Ha THOTIOHO-
nyweHeTo 1 cped 6bnrapckmTe ctyaeHTn (37,0-
53,7%), KOeTo e Haf CpeHNTE HMBA, [OKAABaHN
OT MeXAyHapoaHN NpoyyBaHus, ocobeHo cpef
»eHuTe (46,0-52,1%), KaTo CTapTbT Ha TIOTIOHO-
nyLeHeTo e OT yunnuyHa Bb3pact (15).

O6eKTNBU3MpaHe Ha TIOTIOHONYLLIEHeTo

NaHHUTe, cbbpaHn Upe3 aHKETEH METOA, ca
cybeKTMBHM U MoraT ga 6bhaT noBAusHU OT
pa3nnyHN GakTopU KaTo COLMANHN OYaKBaHUA
unu nuyHn ybexkpeHns. HeobxogmmocTtta ot
06eKTVBU3MpPaHe Ha TIOTIOHOMYLLIEHeTOo Ypes n3-
cnefBaHe Ha brioMapKepy Le NpefoCcTaBu pean-
Ha ouUeHKa Ha MalabHOCTTa Ha TIOTIOHOMYyLIe-
HETO VN HErOBUA UHTEH3UTET.

Van Miert et al. oueHsiBaT paHHUTe pecnupa-
TOPHU ePeKTU NPY FOHOLWWN, N3NIOXKEHWN Ha TIOTHO-
HEB OVIM, KaTO M3MepBaT M3AULIAHUNA a30TeH
okeng (NO) n enutenHn mapkepu B HasaneH
naBax 1 cepyma Ha 845 roHoww Ha cpefHa
Bb3PacT 16 roguHu, pasgenieHn B YeTupm rpynu:
HenyLwayu, NacMBHN NyLayu, IeKn 1 TEXKK ny-
wayn. Hneata Ha NO n CC16 B Ha3anHUA naBax
Ca 3HaYNTENTHO MO-HNCKN MPY TEXKNTE NyLlauu,
HO MpX MAcMBHWTE MyLUayu CbLLO ce Habnoaasa
TEHAEHLMA KbM MNO-HUCKM HMBa Ha CC16. ABTOpM
YCTaHOBABAT, Ye TIOTIOHEBUAT AVM MOXe Aa npe-
AN3BMKA PaHHN MPOMEHU B AUXATEeIHUTE MbTU-
LA Ha HOWNTE CbC CTax gopu nog 1 naketo-
roauHa(16).

Lpyr nogxop 3a 06eKTMBUPaHe Ha TIOTIOHO-
nyLIeHeTo 1 OLeHKa Ha HeroBaTa MHTEH3MBHOCT
BKJ/1I0YBa HMBA Ha TMOLUMAHATK B KPbBEH CEpPYM
n/nnv ypuHata, aHanusmpanum npu 84 ctyaeHTtn
no meauumHa (18-22 r.), 86 yueHuum 6e3 noge-
»Kawwy 3abonasaHma (15-18 r.) n 41 oHOWNM C
eceHumanHa xuneptoHua (10-15 r.). Pesyntatute
nokassart, ue 44,49% ot geuata n 50% oT cTygeH-
TUTe Ca MyLwayn, KaTto CboTBeTHO 47,4% OT yye-
HuuuTe 1 50% OT CTyAeHTUTe nyLaT noBeye oT
10 umrapu Ha feH, KOeTo ce fioKa3Ba CbC CTOM-
HOCTUTE Ha TUOUMaHATUTE UM B CEPYM 1 YPUHA
(17).

Mpwn n3cnegBaHe Ha cepyMHUTE TUOLMAHATH
B Apyra rpyna 75 geua C apTepuasiHa Xurnepro-
HMA Ha Bb3pacT 13-18 roguHn B lNneBeHcKNA
PervoH ce yCTaHOBfAIBa YeCTOTa Ha akTUBHO TIO-
TIOHONYyLeHe 46, 66%. [NylwaunTe morat fa 6baat
pa3geneHu B 2 rpynu cnopepj CTOMHOCTUTE Ha
TMoumaHatn B cepym. Pesyntatute couat, ue
29,4% oT IoHOWNTE C MbPBUYHA apTepuranHa Xu-
nepToHMA MMaT HUBA Ha TMOLMAHATM B CEpyM
3,58 + 0,27 mg/l, oTroBopAWM Ha TOTIOHOMY-
weHe no 10 ymrapm Ha geH,a 17,3% ot geuataca
cbccTonHocTn 5,84+ 1,80 mg/I - nywewwr Hap 10
umrapuv gHeBHo. Pa3nnkute B HMBaTa Ha TMouma-
HaTWUTE Ca CTAaTUCTUYECKU 3HAUYMMO MO-BMCOKM
npu nywaumTe ¢ Hag u go 10 uyurapm Ha AeH

Smoking prevalence is also high among Bul-
garian university students (37.0-53.7%), excee-
ding the average levels reported in international
studies, especially among women (46.0-52.1%),
with smoking initiation occurring during school
years(15).

Objective Measurement of Smoking

Data collected through surveys are subjec-
tive and can be influenced by various factors
such as social expectations or personal beliefs.
The need for an objective assessment of smo-
king through biomarker studies will provide a
real evaluation of the extent and intensity of
smoking.

Van Miert et al. assessed early respiratory
effectsin adolescents exposed to tobacco smoke
by measuring exhaled nitric oxide (NO) and epi-
thelial markers in nasal lavage and serum from
845 adolescents with an average age of 16 years,
divided into four groups: non-smokers, passive
smokers, light smokers, and heavy smokers. NO
and CC16 levelsin nasal lavage were significantly
lower in heavy smokers, with a similar trend
observed among passive smokers (16).

Another approach to objectively measuring
smoking intensity includes thiocyanate levels in
blood serum and/or urine. A study of 84 medical
students (18-22 years old), 86 healthy high
school students (15-18 years old), and 41 adoles-
cents with essential hypertension (10-15 years
old) found that 44.49% of children and 50% of
students were smokers. Among them, 47.4% of
students and 50% of medical students smoked
more than ten cigarettes per day, confirmed by
theirthiocyanatelevels (17).

A study in Pleven on 75 children aged 13-18
with arterial hypertension found an active smo-
king prevalence of 46.66%. Among hypertensive
adolescents, 29.4% had thiocyanate levels cor-
responding to smoking up to ten cigarettes per
day, while 17.3% had levels indicating more than
ten cigarettes daily (18).



(p < 0,001), cpaBHEHO C HenyLweLlnTe XMnepTeH-
3UBHM Aela 1 KOHTposiHa rpyna (p < 0,001). B
NpoBeAEHOTO MPOYYBaHe ce HabAaBa 1 Hama-
NABaHe Ha CTapToBaTa Bb3PacT Ha aKTUBHO TiO-
TIOHOMYyLWeHe — 13 roAnHK, a CbLuo 1 Ye 52% ot
JeuaTa c apTepuraliHa XMNepPTOHMA B IOHOLECTBO
Ca MacvBHM NyLwayn OT paHHa AeTcKa Bb3pacT
CbC CTOMHOCTY Ha TUOLMaHaTK, OTrOBapALLM Ha
Hag 10 umrapm gHeBHO (18).

BnnAaHmne Ha paHHOTO NyLLUEHE BbPXY pNUCKa
OT paKHa 6enusa gpo6

YyeHnTe ca OTKPUIN MHOXECTBO PUCKOBE,
CBbP3aHM C MACUBHOTO TIOTIOHOMYLIEHE Ha Masl-
KUTe geua M n3cnefBaHUATa NPOAbXKaBaT 3a
TOBA KaK TOKCUYHMAT Bb34yX Bpeau Ha 34paBeTo
M. YCTaHOBEHO €, Ye felata umaT no-npoabi-
YKUTENTHO M3/1araHe Ha TIOTIOHEB ANM, OTKOIKOTO
Bb3pacTHMTe Henywaun. C HegopasBUTUTe Cn
6enun gpoboBe 1 No-BNCOKaTa AMXaTeNHa YecTo-
Ta KbpmayeTaTta nosiyyaBaT Mo-BMCOKa KOHLEH-
TPALUA HAa UHXANATOPHU TOKCUHW.

HdaHHum oT 2013 r. noka3sart, ye 40% oT geuara
1 35% OT Bb3pacTHUTE Ca U3NOXEHWN Ha BTOPU-
YeH TIOTIOHEB ANM, KaTO Hal-4yeCTo 1 TEXKKO Ce 3a-
cAraT geuata Ao 5-roamwHa Bb3pacT. TpeBoXKeH
¢dakT B CALL e, ue npun 90% oT AeLata, N3N0XKeHN
Ha MacKBHO TIOTIOHONYLLEHE, AVMDBT UABa OT PO-
avTtenuTte. B Hawara cTtpaHa 55% ot 6bnrapute
nywart, a 61130 77% OT AeuaTta ca NacUBHU Ny-
wayu. Korato yoBek nyLwwm uurapa, Ton BAMLLIBa
15% OT TIOTIOHEBUA MM, @ OCTaHANOTO Ce U3-
OVBa BbB Bb3ayXxa. AKO euH Henywau npe-
KapBa noBeye OT 2 Yyaca B 3aa1MeHa CTas, TON we
BAVILLIA eKBUBAasieHTa Ha YyeTupu yurapu. B n3gu-
LWAHNA BTOPUYEH AWM Ce CbAbpKaT ABa MbTU
noBeye HUKOTWH M KaTpaH 1 NeT NbTU noBeye
BbIEPOAEH ANOKCMA, OTKONKOTO B OCHOBHWUSA
OVM, BOMLWaH OT nywauunTe. KoeTo 03HayaBa, ue
NacyBHM NyLWayn OT paHHa AeTcKa Bb3pacT nmat
NO-BMCOK PUCK OT aKTUBHWTE MyLlayn 3a pa3Bu-
The Ha 3abonsABaHUsA, CBbP3aHN C TIOTIOHOMYLUe-
HeTO, Tb KaTo Ca M3MI0XKEHW OT MNO-Ab/bl Nepu-
opotBpeme (19).

B lNneBeHcKn pervoH 52% OT toHOWNTE C
apTepuanHa XUNepToHMUA ca MOAJIOXKEHU Ha
TIOTIOHEBA eKCMOo3MLUMA OT POAUTENUTE CbC CTON-
HOCTU Ha TMoumaHaTtu 3,37+1,88 mg/l, otroBaps-
WK1 Ha Hag 10 u3nyweHn uurapy AHEBHO U ca
CTAaTUCTUYECKN 3HAYMMO MO-BUCOKNU OT CPeaHu-
Te CepyMHM KOHLUEHTpaLumM Ha TMoumnaHaT npu
IOHOLLN, KMBeewmn B cpefa 6e3 TIOTIOHEB AUM,
CbHOTBETHO CTOMHOCTW Ha TUoumaHat 2,87+1,24
mg/l p<0.05 (20).

Peanua gpyrn envaemMmrmonornyHu npoyusa-
HWA MOKa3BaT, Ye PaHHOTO 3anoyBaHe Ha TIoTHo-
HOMYyLUeHe 3HaYNTeNTHO YBeMyaBa pucka OT pas-
BUTWE Ha paK Ha 6enus apob no-KbCHO B XKUBOTA
(21-27). XermaH n koneru (28) ca cpeg nbpBuUTE,

Impact of Early Smoking on Lung
Cancer Risk

Scientists have identified numerous risks
associated with passive smoking in young child-
ren, and research continues on how toxic air
harms their health. It has been found that child-
ren have longer exposure to tobacco smoke than
non-smoking adults. With underdeveloped
lungs and higher respiratory rates, infants inhale
higher concentrations of airborne toxins.

Data from 2013 indicate that 40% of children
and 35% of adults are exposed to secondhand
smoke, with children under five being the most
affected. A concerning fact in the U.S. is that in
90% of children exposed to passive smoking, the
smoke comes from their parents. In Bulgaria,
55% of Bulgarians smoke, and nearly 77% of
children are passive smokers. A non-smoker
spending more than two hours in a smoky room
inhales the equivalent of four cigarettes. Exhaled
secondhand smoke contains twice as much nico-
tine and tar and five times more carbon mono-
xide than the primary smoke inhaled by smokers.
This means that passive smokers exposed from
early childhood have a higher risk of smoking-
related diseases than active smokers, as they
experience prolonged exposure (19).

In the Pleven region, 52% of adolescents with
arterial hypertension are exposed to tobacco
smoke from their parents, with thiocyanate le-
vels of 3.37 + 1.88 mg/Il, corresponding to the
equivalent of more than 10 cigarettes smoked
per day. These levels are statistically significantly
higher than the average serum thiocyanate con-
centrations in adolescents living in smoke-free
environments, which are 2.87 + 1.24 mg/|
(p<0.05) (20).

Several other epidemiological studies have
shown that early initiation of smoking signifi-
cantly increases the risk of developing lung can-
cer laterin life (21-27). Hegmann and colleagues
(28) were among the first to investigate whether
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KOUTO M3c/ieaBaT Bb3MOXKHOCTTa paHHaTa Bb3-
pacT Ha 3anoyBaHe Ha MyLWeEHeTO Ja OKa3Ba
camocTosiTeneH edekT BbpXy prcKa OT paK Ha
6enuna ppob, He3aBNUCMMO OT MHTEH3UBHOCTTA U
NPOAB/MKUTENNHOCTTA Ha TIOTIOHOMyWeHeTo. B
npoyuBaHe Ha 283 Bb3pacCTHM C pak Ha Genwua
Ap06 113282 KOHTPOJIHM CJlyyas ce YCTaHOBABA,
ye MbXKeTe, KOUTO 3anoysart Aa nywart npeam 20-
rofvHa Bb3pacT, UMaT NO-BMUCOK PUCK OT pak Ha
6enuvsa apob B CpaBHEHME C TE3M, KOUTO 3amnoyBaT
Mo-KbcHo (28).

Peto et al. ycTaHOBsABaT, Ue MbXKETE U KEHUTE,
3anoyHanu ga nywar npeau 15-roguniHa Bb3-
pacT, UMaT ABa NbTW NO-BUCOK PUCK OT PakK Ha be-
nuA Apob B CpaBHEHME C Te3M, KOUTO Ca 3anou-
Hanw cnep 20-roguniuHa Bb3pacT (27).

Khuder et al. (29) aHanu3upat BANAHNETO Ha
WHTEH3UBHOCTTA Ha NyLUEHeTo, Bb3pacTTa Ha
3anoyBaHe, NPOABIKUTENHOCTTA U CNNPAHETO
Ha NyLEHeTO BbPXY PasUYHM XMUCTONOTMYHN
BMAOBE pak Ha 6enuna apob. Peayntatute nokas-
BaT, Ye paHHOTO 3arnoyBaHe Ha nyweHeTo (nog 16
rOAVHN) 3HAYUTENTHO YBeNMYaBa pricka oT Apeb-
HOKNETbYEH KapLUUHOM, a CMMPAHETO Ha TIOTIO-
HOMyLIeHeTO HaMassiBa prcKa OT MIOCKOKIe-
TbUeH KapLMHOM 1 aileHOKapPLMHOM, HO He OKa3-
Ba B/IUSIHNE BbPXY PUCKa OT pa3BUTUE Ha Ape6-
HOKNeTbyeH pak (29).

M3cneneaHua Ha Wiencke et al. (30), kaTo aHa-
nusnpat JHK-agaykTi B 6enofpo6Hm TbKaHW Ha
143 naumeHTn € pak Ha 6enna apob, busLKM ny-
lwaym, noaKpenAT Te3aTa, Ye Bb3pacTTa Ha 3a-
NMouyBaHe Ha NyLIeHeTO e No-3HaYMM PUCKOB dak-
TOp 3a pa3BuTMEe Ha 6oNlecTTa OT KOIMYECTBOTO
n3nyweHu umurapum (30).

FeHeTUYHN N MONEKYNAAPHN MeXaHN3MK

Hirao et al. noka3BaT Bpb3ka Mexay paHHOTO
3arnoyBaHe Ha MyLEeHEeTO 1 COMATUYHIM MyTaLmK,
KOUTO MoraT Aia UrpanT KoyoBa pons B pa3su-
TUETO Ha paK Ha benus apo6. 3arybaTa Ha xeTe-
[PO3UrOTHOCT B Xpomo3oma 3p21 moxe fa 6bae
paHeH MoJeKynsipeH npouec nNpu HeapebHo-
KNeTbuHUA paK Ha benuva apob. M3naraHeTo Ha
KaHLeporeHu oT LurapeH MM B paHHa Bb3pacT
MOXe fia AOBEAE [0 HAaTPYNBAHE Ha reHeTUYHY
MyTaLMK, KOETO 3HauMTeNHO yBennyaBa pricka
OT 3a06051ABaHETO B MO-KbCEH eTamn OT »KMBOTA
(31).

Wiencke n Kelsey (32) cb3gaBat TeopuATa 3a
,MoJieBa KaHueporeHesa” No Bpeme Ha OHO-
LLIeCTBOTO, KOraTo paHHWTE reHeTUYHM MPOMEHM
B 6enofpobHUs envTen moraTt ga AoBefaT Ao
¢daTtanHu popmu Ha pak B 3psna Bb3pacT. Cnopes
TAX TO3U NPOLEC MOXKE Aia Ce CIyYM HE3aBNCUMO
OT WHTEH3VBHOCTTa W MPOABbIKUTENIHOCTTA Ha
TIOTIOHOMYLLEHE.

the age at which smoking begins has an inde-
pendent effect on lung cancer risk, regardless of
smoking intensity and duration. In a study of 283
adults with lung cancerand 3,282 controls, it was
found that men who started smoking before the
age of 20 had a higher risk of lung cancer
compared to those who started later (28).

Peto et al. found that men and women who
started smoking before the age of 15 had twice
the risk of lung cancer compared to those who
started afterthe age of 20 (27).

Khuder et al. (28) analyzed the influence of
smoking intensity, age of initiation, duration,
and smoking cessation on different histological
types of lung cancer. The results indicated that
early smoking initiation (under the age of 16)
significantly increased the risk of small cell car-
cinoma, whereas smoking cessation reduced the
risk of squamous cell carcinoma and adenocarci-
noma but did not affect the risk of developing
small celllung cancer (27).

Studies by Wiencke et al. (30) analyzing DNA
adducts in lung tissues of 143 former smokers
with lung cancer support the hypothesis that the
age of smoking initiation is a more significant risk
factor for disease development than the number
of cigarettes smoked (30).

Geneticand Molecular Mechanisms

Hirao et al. demonstrated a link between ear-
ly smoking initiation and somatic mutations that
may play a key role in the development of lung
cancer. Loss of heterozygosity in chromosome
3p21 may be an early molecular process in non-
small cell lung cancer. Exposure to carcinogens
from cigarette smoke at a young age can lead to
the accumulation of genetic mutations, signifi-
cantly increasing the risk of the disease later in
life (31).

Wiencke and Kelsey (32) proposed the theory
of "field carcinogenesis" during adolescence,
where early genetic changes in the lung epithe-
lium may lead to fatal forms of cancer in adult-
hood. According to them, this process can occur
independently of smoking intensity and dura-
tion.



Moakpena oT MaTeMaTN4YeCKO MogennpaHe

MaTtemaTryeckoTo MogenvpaHe Ha JaHHW OT
European Prospective Investigation into Cancer
and Nutrition (EPIC) (33) nogkpens cbLio Te3aTa
3a 3HayeHVeTo Ha Bb3pacTTa Ha 3aroyBaHe U
NPOAB/IKUTENHOCTTa Ha NYLIEHETO KaTO OCHOB-
HU PUCKOBM aKTopu 3a pak Ha benua apoo.
Pe3yntatute nokassat, Ye Mnagu Bb3pacTHU, KO-
WTO 3amnoyBaT Aa nywart Ha 15-roguniuHa Bb3pact
W NyLwaT camo 5 roguHu, UMaT oKono 3,5 nbTu no-
BMCOK PUCK OT pa3BUTUE Ha PaK B CPaBHeEHME C
Te3w, KOWTO 3arnoyBaT Aia NyLat no-KbCcHo. Tesn
HaxXofKM MOTBbPKAaBaT XMNoTe3aTa, e paHHaTa
TIOTIOHEBA €KCMO3UUWA e KpUTUYeH ¢dakTop B
WHULMMPAHETO Ha MONEeKYNAPHU npouecu,
KOUTO MoraT ia BOAAT Ao daTanHu Gopmu Ha pak
Ha 6enuva apob B NO-KbCeH eTarn OT XMNBOTA.

MpeBeHUA Ha paka Ha 6enunsa apo6:
Mo6anHanepcnekTuBa

AHanusnpaHuTe NUTepaTypHM AaHHW NOKas-
BaT, Ue paHHaTa ynotpeba Ha TIOTIOH € PUCKOB
dakTop, BOAEL, 4O CEepUO3HU 3apaBHM Moce-
anun, a NnpefoTBpaTABAHETO Ha THOTIOHOMY-
LUEHETO Cpef MiaguTe Xopa e OT CblLeCTBEHO
3HayeHwue 3a cnpaBAHe ¢ rnobanHaTa TIOTIOHEBA
ennaemusi, B TOBa YNCJIO U CbC 3a60/1eBaeMOCTTa
N CMBPTHOCTTA OT PaK Ha 6enua gpoo.

Hali-ronsimata rno6asnHa HUUMaTUBa 3a KOH-
TPOJI Ha TIOTIOHOMYLLIEeHeTo e PamkoBaTa KOHBEH-
umA Ha C30 3a KoHTpon Ha TioTioHa (WHO FCTQ),
nognucaHa ot 173 gbpxasu go mam 2011 r,
KOeTo 06xBaLla 87% OT CBETOBHOTO HacesleHMe.
Llennte Ha KOHBEHLMATA BKNOYBAT: yBE/IMYEHME
Ha JaHbUWTe BbPXY TIOTIOHEBUTE U3genus, 3a-
WMTa OT TIOTIOHEB AWM Ha 0bOLEeCTBEHN MeCTa,
34paBHM NpefynpeaeHna Bbpxy OMakoBKMUTe,
3abpaHa 3a pekiiama 1 npogaxba Ha TIOTIOH Ha
HEeMbAHOJIETHU, M KOHTPOJ Ha HE3aKOHHATa Tbp-
rosus (34).

3anognomaraHe Ha CTpaHWTe B NpuiaraHeTo
Ha Te3un mepku, C30 cb3gaBa MPOWER, Habop ot
wect epeKkTMBHU CTpaTernn: HabnwaeHne Ha
ynoTpebarta Ha TIOTIOH, 3aLUuTa OT AUM, MTOMOLL 33
OTKa3BaHe OT MyLUeHEeTO, NpeaynpexXaeHns 3a
pucKoBeTe, MpunaraHe Ha 3abpaHu 3a peknamau
MoBULLIABaHe Ha faHbLUTe BbPXY TIOTIOHA. [pu-
Mep 3a ycnewwHun ycunua e CALL, kbaeTo, Bbnpe-
KM Ye He ca noagnucanv opuumanHo KOHBEHLMA-
Ta, Ca NPUIOXKEHWN HEHWTE OCHOBHM MpPenopb-
Ku. Pe3yntatite nokassaT 3HaUMTENHO Hamase-
HVe Ha TIOTIOHOMNYLIEHETO M CMbPTHOCTTA OT pak
Ha 6enuna apob (35).

MNpeBeHUKMATa Ha TIOTIOHOMYLLIEHETO U3NCKBa
06eAnHeHN YCUNNA Ha NPaBUTENCTBA, 3APaBHU U
COLManHN opraHM3aLmm, KakTo 1 Ha poauTenu-
Te, KOUTO UFPAAT BarkHa Ponis B ybexaeHNeTo Ha
JeLaTaja ce Bb3bpKaT OT TIOTIOHOMYLLIEHe.

Supportfrom Mathematical Modeling

Mathematical modeling of data from the
European Prospective Investigation into Cancer
and Nutrition (EPIC) (33) also supports the thesis
that the age of initiation and smoking duration
are key risk factors for lung cancer. The results
indicate that young adults who start smoking at
the age of 15 and smoke for only five years have
about 3.5 times higher risk of developing cancer
compared to those who start smoking later.
These findings confirm the hypothesis that early
tobacco exposure is a critical factor in initiating
molecular processes that may lead to fatal forms
oflung cancer laterin life.

Lung Cancer Prevention:
A Global Perspective

The analyzed literature data indicate that
early tobacco use is arisk factor leading to severe
health consequences and that preventing smo-
king among young people is essential in addres-
sing the global tobacco epidemic, including lung
cancermorbidity and mortality.

The largest global initiative for tobacco cont-
rol is the WHO Framework Convention on Tobac-
co Control (WHO FCTC), signed by 173 countries
by May 2011, covering 87% of the world's popu-
lation. The convention's objectives include in-
creasing taxes on tobacco products, protecting
against tobacco smoke in public places, health
warnings on packaging, banning advertising
and tobacco sales to minors, and controlling
illegaltrade (33).

To assist countries in implementing these
measures, WHO established MPOWER, a set of six
effective strategies: monitoring tobacco use,
protecting from smoke, offering help to quit
smoking, warning about risks, enforcing adver-
tising bans, and raising tobacco taxes. A notable
example of successful efforts is the USA, which,
despite not officially signing the convention, has
implemented its core recommendations. The
results show a significant reduction in smoking
rates and lung cancer mortality (35).

Smoking prevention requires joint efforts
from governments, health and social organiza-
tions, as well as parents, who play a crucial role in
convincing children to refrain from smoking.
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3aknouyeHme:

Hsikon KOXOPTHM NpOoyYBaHWA, KaTo Te3n Ha
BbpHC 1 Konern (1997), He ycTaHOBABAT He3a-
BMCMM edeKT OT paHHaTa Bb3pacT Ha 3aMnoyBaHe
Ha nyweHeTo. Cnopep TAX PUCKBT OT pak Ha be-
nus apob ce meanvpa Ypes No-gbirata npoabII-
XKUTENHOCT Ha NyLIEeHeTo, a epeKTbT OT PaHHOTO
3aMoYBaHe MOXe [la He e TONKOBa 3HaYuTeNeH,
KaKTo ce npegnosnaraB Apyru nscnensaHus (36).

XopaTa, KoMTO 3anoyBaT Aia nyLaT paHo, vec-
TO VIMaT Pa3IYHK COUMANHU U NMOBEAEHYECKN
XapaKTepucTUKn. Te 0GMKHOBEHO NyLUIaT NOBeYe,
BAMLIBAT NO-AbNOOKO 1 Ca MO-ManKo CKOHHM Aia
Ce oTKaxart oT nyleHeTo. Te3n $pakTopw, B KOM-
OGVHaUMA C NO-HUCHK COLMANTHO-MKOHOMMYECKMN
CTaTyC M [OMbIIHUTESIHO M3MlaraHe Ha PUCKOBe
KaTo NacUBHO NyLUeHe 1 BpeaHu npodecroHan-
HW YCNOBUS, yBENNYABAT PUCKa OT pak Ha 6enua
Apo0.

l[eHeTUYHM daKTopW UrpaAaT ponsa B pasBu-
TUETO Ha paK Ha benua apo6, KaTo ca naeHTUGU-
LUMpPaHY XPOMO3OMHU JIOKYCK, KOUTO MoraT fa
yBenuyaT yA3BMMOCTTa KbM HMKOTMHOBATA 3a-
BVICUMOCT. AHanM3upaHuTe MUTepaTypHN JaHHM
NMOKa3BaT CbLUO HyXJaTa OT AOMbIHUTENHN W3-
cneaBaHus B 0bnacTTa Ha MonekynspHata ovo-
norva u ennaemMmnosiorMaTa Ha paka Ha 6enus
Apob.

Bbnpeku cnoXHOoCTTa Ha B3auMoaencTBneTo
MeXAay reHeTVKa U OKoNHA cpepa, epeKTbT Ha
[PaHHOTO 3aMoyYBaHe Ha TIOTIOHOMYLLEHE OCTaBa
KntouoB $aKTop 3a pasBUTME HA pPaK Ha 6enus
Apo6. ETo 3ali0 npeBeHUUATA Ce KOPEHU B
[eTCTBOTO, a B AbPKaBUTE, KOUTO BCE OLLe He ca
npemMvHany nuka Ha ,TIOTIOHEBaTa enuaemma’,
KaKBaTO € HallaTa CTpaHa, eheKTUBHUTE MEPKU
3a KOHTPOI Ha TIOTIOHa 1 06yYeHneTo 3a BpeHU-
Te mocneauun OT TIOTIOHOMYLEHETO MoraTt Aa
npefoTBPATAT AOCTUIHATUS 3HAUMTENIEH PbCT Ha
3a60/1€BaEMOCT 1 CMbPTHOCT OT paK Ha 6enus
Ipob.

Conclusion

Some cohort studies, such as those by Burns
and colleagues (1997), did not establish an
independent effect of early smoking initiation.
According to them, the risk of lung cancer is
mediated through longer smoking duration, and
the effect of early initiation may not be as
significantas suggested in other studies (36).

People who start smoking early often have
different social and behavioral characteristics.
They usually smoke more, inhale more deeply,
and are less likely to quit smoking. These factors,
combined with lower socioeconomic status and
additional exposure to risks such as passive
smoking and harmful occupational conditions,
increase therisk of lung cancer.

Genetic factors play a role in the develop-
ment of lung cancer, with identified chromoso-
mal loci that may increase susceptibility to nico-
tine addiction. The analyzed literature data also
highlight the need for further research in mole-
cular biology and epidemiology of lung cancer.

Despite the complexity of the interaction
between genetics and the environment, the
effect of early smoking initiation remains a key
factor in lung cancer development. Therefore,
prevention mustbeginin childhood. In countries
that have not yet reached the peak of the "to-
bacco epidemic," such as ours, effective tobacco
control measures and education about the
harmful consequences of smoking can preventa
significantincrease in lung cancer morbidity and
mortality.



KHuronuc:
References:

1. American Academy of Pediatrics,“Tobacco use: a pediatric disease,"Pediatrics, vol. 124, no. 5, pp. 14741487, 2009.

2. J.V.Schwab,"The epidemiology and health effects of tobacco use,"Current Pediatric Reviews, vol. 7,no. 2, pp.81-87,2011.

3. A.Engeland, T.Haldorsen, A. Andersen, and S. Tretli, “The impact of smoking habits on lung cancer risk: 28 years' observation of 26,000
Norwegian men and women,”Cancer Causes and Control, vol. 7, no. 3, pp. 366-376, 1996.

4. R.R.Huxley, H.Yatsuya, P.L. Lutsey et al.,“Impact of age at smoking initiation, dosage, and time since quitting on cardiovascular disease
in African Americans and whites,” American Journal of Epidemiology, vol. 175, no. 8, pp. 816-826,2012.

5. N.Hymowitz,“Smoking and cancer: a review of public health and clinical implications,” Journal of the National Medical Association, vol.
103, n0.8, pp.695-700,2011.

6. M.Ericksen, J. Mackay, and H. Ross, The Tobacco Atlas, Atlanta, Ga, USA, 4th edition, 2012.

7. R.N.Proctor,“The history of the discovery of the cigarettelung cancer link: evidentiary traditionscorporate denial, global toll, Tobacco
Control,vol.21,n0.2, pp.87-91,2012.

8. US Department of Health and Human Services, Preventing Tobacco Use Among Youth and Young Adults, US Department of Health and
Human Services, Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Office of
Smoking and Health, Atlanta, Ga, USA, 2012.

9. US Department of Health and Human Services, National Survey on Drug Use and Health in US, US Government Printing Office,
Washington, DC, USA, 2010, http://www.samhsa .gov/data/NSDUH/2k10NSDUH/2k10Results.pdf.

10. J.R.DiFranza, R.J.Wellman, R. Mermelstein etal.,“The natural history and diagnosis of nicotine addiction,’vol. 7,no. 2, pp.88-96,2011.
11. Teolova E, Tzolova G, Dimitrov P (2022), Distribution of tobacco smoking among the population at the age of 10-19 years in the republic
of Bulgaria, Bulgarian Journal of Public Health, 14:62-71.

12. A.V.Prokhorov, J. P.Winickoff, J. S. Ahluwalia et al.,“Youth tobacco use: a global perspective for child health care clinicians,” Pediatrics, vol.
118, no.3, pp.e890-e903, 2006.

13. L.D.Johnston, P. M. O'Malley, J. G. Bachman, and J. F. Schulenburg, Monitoring the Future. National Results on Adolescent Drug Use.
Overview of Key Findings, Ann Arbor, Institute for Social Research, The University of Michigan, 2010.

14. Muxannosa H, 3gpaskoBa-Yaywu 3, Metposa K, Cramosa K. TFOTFOHOIMYLUEHETO B TMMHA3VAJIHA Bb3PACT BapHeHCKM MEANLIMHCKN
dopym,1.6,2017, npun. 2

15. Boncheva, P.and Dokova, K., 2022. Prevalence of smoking among Bulgarian university students—A narrative review. Izvestia Journal of
the Union of Scientists-Varna. Medicine and Ecology Series, 27(1), pp.22-27.

16. Van Miert E, Sardella A, Bernard A. Biomarkers of early respiratory effects in smoking adolescents. European Respiratory Journal. 2011
Nov 30;38(6):1287-93.

17. Angelova M, Kolarova-Yaneva N, Nikolov A, Nedkova V. Smoking and thiocyanates in high school and university students and children
with hypertension.|OSR Journal Of Pharmacy (e)-Volume 4, Issue 1(2014), Pp 56-61

18. Konaposa-AHeBa H. . ToHueB, A. BoxuHoBa, H. BbnrapaHos, K. locnoanHos, B. HeakoBa, C. TuweBsa, M. LioH3apoBa CepyMHu HUBa Ha
TUOLMaHaTV NP IHOLLIN C apTepurasHa XunepToHus, Hayka nynmonorus, 6p 2, ctp 29-33,2017

19. M. Angelova, N. Kolarova-Yaneva, A. Nikolov, V. Nedkova, A. Bojinova, Smoking status in passive smokers, General Medicine, 2014, Vol.
16,No.3,13-17ref 28

20. Konaposa - flHeBa H., K. TocnoguHos, C. Tuwesa, AHrenosa M., ApTepunanHa XMnepToHWA 1 TIOIOHOMYLLEHe B ieTCKa Bb3pacT — Hayka
Mynmonorus, 6p.6, 25- 29,2013

21. R.Dolland R. Peto,“Cigarette smoking and bronchial carcinoma: dose and time relationships among regular smokers and lifelong non-
smokers,"Journal of Epidemiology and Community Health, vol. 32, no.4, pp.303-313,1978.

22. W.D.Flanders, C. A. Lally, B. P. Zhu, S.J. Henley, and M. J. Thun, “Lung cancer mortality in relation to age, duration of smoking, and daily
cigarette consumption: results from cancer prevention study Il,"Cancer Research, vol. 63, no. 19, pp. 6556-6562, 2003.

23. J.D.Knoke, T. G. Shanks, J. W.Vaughn, M. J. Thun, and D. M. Burns, “Lung cancer mortality is related to age in addition to duration and
intensity of cigarette smoking: an analysis of CPS-I data,’Cancer Epidemiology Biomarkers and Prevention, vol. 13, no. 6, pp. 949-957, 2004.
24. J. H. Lubin and N. E. Caporaso, “Cigarette smoking and lung cancer: modeling total exposure and intensity,’ Cancer Epidemiology
Biomarkers and Prevention, vol. 15, no. 3, pp. 517-523, 2006.

25. 1.S.Kim, S.H.Jee, H. Ohrr,and S.W.Yi, “Effects of smoking on the mortality of lung cancer in Korean men,"Yonsei Medical Journal, vol. 42,
no. 2, pp.155-160,2001.

26. B.Rachet, J. Siemiatycki, M. Abrahamowicz, and K. Leffondre,” “A flexible modeling approach to estimating the component effects of
smoking behavior on lung cancer,"Journal of Clinical Epidemiology, vol. 57,no. 10, pp. 1076-1085, 2004.

27. R. Peto, S. Darby, H. Deo, P. Silcocks, E. Whitley, and R. Doll, “Smoking, smoking cessation, and lung cancer in the UK since 1950:
combination of national statistics with two case-control studies,’British Medical Journal, vol. 321, no. 7257, pp. 323- 329, 2000.

28. K.T.Hegmann, A. M. Fraser, R. P.Keaney et al.,“The effect of age at smoking initiation on lung cancer risk,” Epidemiology, vol. 4, no. 5, pp.
444-448,1993.

29. S.A.Khuder, H. H. Dayal, A. B. Mutgi, J. C. Willey, and G. Dayal, “Effect of cigarette smoking on major histological types of lung cancer in
men,’Lung Cancer,vol.22,no. 1, pp. 15-21,1998.

30. J.K.Wiencke, S.W.Thurston, K.T. Kelsey et al.,“Early age at smoking initiation and tobacco carcinogen DNA damage in the lung,’Journal
of the National Cancer Institute, vol. 91,no. 7, pp.614-619, 1999.

31. T. Hirao, H. H. Nelson, T. D. S. Ashok et al., “Tobacco smokeinduced DNA damage and an early age of smoking initiation induce
chromosome loss at 3p21in lung cancer,’Cancer Research, vol.61,no.2, pp.612-615,2001.

32. J. K. Wiencke and K. T. Kelsey, “Teen smoking, field cancerization, and a “critical period” hypothesis for lung cancer susceptibility,”
Environmental Health Perspectives, vol. 110, no. 6, pp. 555-558, 2002.

33. H.Schollnberger, M. Manuguerra, H. Bijwaard et al.,“Analysis ~ of epidemiological cohort data on smoking effects and lung cancer with a
multi-stage cancer model,"Carcinogenesis, vol. 27, no. 7, pp. 1432-1444, 2006.

34. World Health Organization, WHO Framework Convention on Tobacco Control, WHO Press, Geneva, Switzerland, 2005,
http://whglibdoc.who.int/publications/2003/9241591013.pdf.

35. World Health Organization, MPOWER: A Policy Package to Reverse the Tobacco Epidemic, WHO Press, Geneva, Switzerland, 2008,
http://www.who.int/tobacco/mpower/mpower report full 2008.pdf.

36. D.M.Burns,T.G. Shanks, W. Choi et al.,“The American Cancer Society Cancer Prevention Study I: 12 year followup of 1 million men and
women,”in NCl Mongraph 8, D. M. Burns, L. Garfinkel, and J. M. Samet leds, Eds., pp. 113- 149, National Institutes of health, National Cancer
Institute, Bethesda, Md, USA, 1997.

reviews

SMOKING
FROM CHILDHOOD
AND LUNG CANCER

Thoracic Medicine
Volume XIV, Issue 1
May 2025

KopecnoHgeHuusa

[Hou. a-p Hukonai AHeB, om
MepnumHckn yHusepcuteT — Codus,
BpoHxonornyHo otgenexue,
YMBA,Cs. VBaH Punckun” EA[]
Byn.,Akag. MBaH lewos” 15,

1431 Codusa

Correspondence

Assoc. Prof. Nikolay Yanev, MD, PhD
Medical University - Sofia;
Bronchology Department

UMHAT 'St. Ivan Rilski'

15, 'Acad. lvan Geshov' Blvd,

1431 Sofia, Bulgaria

e-mail:
dr.nikolay.yanev@gmail.com




N3NCKBAHIA
KbM ABTOPUTE

3anybnukyBaHe ce npuemar 0630pHu CTaTuv, OpUru-
HaJHY CTaTuI, ONUCaHNE Ha CyYall OT KAMHUYHATA NpaK-
TVKa 1 INCMa J0 PefakTopuTe.

TekcToBeTe, Tabnuuute u Gurypute e nNpefasat B
eNneKTPOHEH PBKOMUC (Ha HOCUTEN WM B eNeKTPOHHO
MUCMO) Ha OBATAPCKN 11 aHTNMACKN e3UK, U3paboTenn ¢
TeKcToo6paboTBaLya nporpama Word. Qurypure ce npe-
faBat BbB dopmar .tif unu .jpg. OcBeH BKNKYEHN B
eNeKTPOHHNA TeKCT, urypuTe TpAGBa Aa Ce NpefoCTaBAT
11 KaTo OTAeNHM daitnose. 06embT Ha 0630pHHUTe CTaTUN
He TpAGBa Aa HaAXBbPAA 15 CTaHAAPTHN CTPaHULK, HA
OpUrHaNHUTe CTaTiv — 10 CTPAHNLM 1 Ha Npe/iCTaBeHuTe
KNUHUYHKM cyyaun — 7 cTpanmum (o 30 peda, 60 — 66
3HaKaHa pep, dopmat Ad).

lon 3arnaBueto Ha BCcAKa nybnMKauma ce nocoysar
IMeHaTa Ha aBTOPUTe, KaKTO CNlefiBa: MHULMan Ha cob-
CTBEHOTO MMe 1 hamunna. lMocousa ce MectopaboTata Ha
aBTOpUTE. AKO aBTOPCKUAT KONEKTUB € 0T NoBeYe 0T eiHa
UHCTUTYLMM, MEHaTa ce MapKUpaT CLndpPOB MHAEKC.

Beuykm cTatim 3apbaxuTenHo ce npuapyxasar ot
pe3iome Ha GBbArapcku U aHIMIACKK e3uK B 06em Ao 250
JyMI U 10 6 KMH0YOBU SyMU.

(TpyKTypaTa Ha BCAKa OPUTMHaNHa CTaThA 3abMmKK-
TeNHO BK/I0YBA ClIefHNTe LWeCT pa3dena: yBog, Lien, Ma-
Tepuan 1 MeToAn, pe3ynTatu, 06Chx/aaHe 1 3aKnlyeHne
(n3BoaM).

bubnuorpaduata ga coabpa Ao 40 nuTepaTypHi
3TOYHMKA 33 0630pHN CTaTim 11 0 20 33 OPUTMHANIHY CTa-
UK, NOAPeAEHM N0 Pej Ha LNTVPaHe, KaTo UMeHaTa Ha
aBTOpUTE Ce LUTMPAT B TeKCTa Ha OpUTMHaNeH e3uk, a
MOPeAHIUAT HOMep Ha LTpaHaTa nybnukawwa ce otbe-
na3Bacapabeka umdpa.

brbnuorpadckute M3TOUHMLM Ce LMTUPAT MO Cnej-
HUA HAYMH:

« LMTAT Ha cTaTua: ABTopu (GamunHo ume, MHMLMAN
Ha cobCTBEHO MMe). 3arnaBie Ha CTaTuATa. 3arnasue Ha
cnucanmeto (cbkpateHo no Index Medicus), roguHa, Tom,
6poit, cpannuy (0T-£0).

« LMTAaT Ha KHWra: ABTOp. 3arnaBue Ha KHUrata.
/13patencTBo, MecTon3faBaHe, rodMHa Ha M3jaBaHe,
CTpaHuLy.

- wTaT Ha cbopHuk: ABTOp. 3arnaBue Ha rnagara.
3arnasue Ha cbopHuKa. /3natenctBo, mectongaBane,
rOQMHa Ha U3JaBaHe, CTPaHNLK.

B Kpas Ha eneKTPOHHMA PHKOMUC 3afbIKUTENHO Ce
0T6enA38a aApPeC 3a KOPECNOHAEHLNA, ChAbPKALL UMETO
Ha MbpBUA aBTOP, NOLLEHCKIN M eNeKTPOHEH aapec, Tene-
doHeH 1 pakc Homep. ABTopuUTe Npunarat eknapaums, ue
npefoCTaBeHNa Matepuan He e nybnukyBaH unu npefa-
[leH 3a neyar B Apyro neyaTHo U3faHue.

EneKTpOHHN pbKONMCK He Ce BPBLLAT Ha aBTopUTE.
PenakuuATa He U3nnaLLa xoHopapu.
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TMEGY ELLIPTA
fluticasone furoate/umeclidinium/vilanterol
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inhalation powdanipawdne pour
inhalason/polvo para inhalacion
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YyecToTa Ha yMepEHMTE/TE)KKVITe
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eK3auepbaymm MKE Kop; J44.8
Koa no H3OK: RF217

Trelegy Ellipta 92 muKkporpama/55 muKporpama/22 muKporpama npax 3a MHxanauus, npeagapuTenHo A03vpaH. BcAka eauHWYHa MHXanaums
[0CTaBsA efiHa ocBobodeHa [103a (A03aTa, KOATO ce 0cBODOXKAABA OT MyHALLYyKa) 92 muKkporpama dayTrukasoHos ¢ypoat (fluticasone furoate), 65
MUKpOrpama ymekanauHves 6pomuma (umeclidinium bromide), ekBuBaneHTeH Ha 55 MUKporpama yMeKAMAMHUYM U 22 MUKPOTpama BUAGHTEPO
(vilanterol) (kaTo TpudeHaTaT). ToBa CbOTBETCTBA Ha NpeABapuTeNHO Ao3MpaHa ao3a ot 100 muKkporpama bayTMKasoHoB dypoat, 74,2 MUKpo-
rpama ymekanamHues 6pomua, ekBmBaneHTeH Ha 62,5 MUKporpama yMeKAUAMHUYM M 25 MUKporpama BuaaHTepon (Kato TpudbeHataT). Besaka
ocBoboaeHa A03a ChabpKa NpnbamsnTenHo 25 mg naktosa moHoxuapaT. TepaneBTMUHM NoKasaHums: Trelegy Ellipta e nokasaH 3a nogabprKaLLo
NleYyeHne npu Bb3PACTHM MaUMEHTU C YMepeHa [0 TexKa XpoHuyHa obcTpykTmeBHa 6enoapobHa 6onect (XOBB), KouTo ca He3aa0BOAUTENHO
NeKYBaHM C KOMBOMHALMA OT MHXaNaTopeH KOPTUKOCTepOoua 1 Abaroaeinctsall B2-aroHUCT UM C KOMBUHAUMA OT AbAroaencTealy B2-aroHucT u
ObNroAeNCcTBalL MyCKapMHOB aHTaroHUcT. Jo3upoBKa: penopbynTenHaTa U MakKCMMasiHa 40323 e eflHa MHXaNauna BeAHbK AHEBHO, BCEKM [eH,
no eHO 1 CblLo Bpeme. CneumanHu nonynauum: Ctapyecka Bb3pacT - He e HeobXOAMMO KOpUrMpaHe Ha [03aTa Npu NauneHTH Ha Bb3PacT Ha U
Haz 65 roanHu. bbbpeyHo yBpexzaaHe: He e HeobXoAMMO KopurvpaHe Ha fo03aTa npu naumeHTn ¢ 6vbpeyHo yspexaaHe. YepHoapobHO
yBpeXaaHe: He e HeobXOAMMO KopurMpaHe Ha [03aTa Npu NaUMeHTU C 1IeKa, YMepeHa UK TeXKa CTemneH Ha YepHoapobHo yBpexaaHe. Trelegy
Ellipta TpabBa fa ce M3Mo0A3Ba C NOBMULILIEHO BHUMaHWE NPU NaLMeHTU C YMepeHa [10 TEeXKa CTeneH Ha YepHoapobHo yBpexaaHe. MNeanatpuyHa
nonynauma: Hama cboTBeTHO npunoxeHune Ha Trelegy Ellipta 8 neanatpuyHata nonynauma (Bb3pacTt nog 18 roamHu) 3a nokasaHneto XOBB.
MpoTtuBonokasaHuaA: CBPbXYYBCTBUTE/IHOCT KbM aKTUBHMTE BELWECTBA WM KbM HAKOE OT MOMOLWHUTe BellecTBa. [lpuTtexkaten Ha
paspewwmnTenHoTo 3a ynotpeba: GlaxoSmithKline Trading Services Limited, 12 Riverwalk, Citywest Business Campus, Dublin 24, UpnaHaus

XOBb — xpoHuyHa 0bcTpyKTUBHA 6enoapobHa bonect, FF — dnyTukasoH ¢pypoat, UMEC — ymexknnanHuym, Vi — sunantepon, BUD — byaesoruna, FOR — dopmotepon, PEO— popcupar
ekcnupaTopeH obem 3a 1 cekyHaa, SGRQ - pecnunpatopeH BbNPOCHUK Ha yHUBepcuTeTa CelHT [Kopax

*24-ceamnuHo npoyysare (N=1 810), dasa Ill, MynTMHaUMOHANHO, MHOTOLIEHTPOBO, PaHAOMM3NPaHO, ABOMHO-CAANO, ABOMHO-3aC/€NEeHo, NapasenHo-rpynoBo NpoyyYBaHe C NPoAb/Ke-
Hue 4o 52 ceamuum B noArpyna ot ydactHuum (n=430), 8 KoeTo ce cpasHaBsat Trelegy Ellipta (92/55/22 mukporpama) ¢ 6yaesorua/dopmotepon 400/12 mukporpama (BUD/ FOR),
npunarasn Aga NbTv AHeBHO. KOMBUHMPaHWM NbPBUYHM KPaHW TOUKK: NPOMAHA Ha Npeaaososusa PEO 1 npomsaHa Ha SGRQ 06LL CKOP CNPAMO U3XOAHWTE HUBA Ha 24. ceamuLia.

**52-ceammnuno npoy4ysare (N=10 355), ¢pasa lll, MHOroUeHTPOBO, MyNTUHALMOHANHO, PaHAOMMU3MPAHO, ABOMHO-CAAMNO, MapasesIHO-TPYNoBO NPOyYBaHe, B KOBTO Ce CpaBHABaT Trelegy
Ellipta (92/55/22 mukporpama) ¢ bayTrkasoH dypoat/sunarHtepon 92/22 mukporpama (FF/VI) n ymekamanHuym/sunadtepon 55/22 mukporpama (UMEC/VI). MbpBudyHa KpaiHa Touka:
roAMLLIHA YECTOTa Ha YMepPeHu/TexKn exsauepbaumm Ha FF/UMEC/VI cnpamo FF/VIn UMEC/VI (BKA. 1 AeH cien npuaoxeHue Ha nocieaHara f03a).

1. AkTyanHa KXM Ha Trelegy Ellipta
© 2024 Trelegy v Ellipta ca peructpupaHi TbproBCckM MapKm, KOUTO Ca NPUTEXaHWE AW e AafeH MLLEeH3 Ha KOMNaHuKTe oT rpynarta Ha GSK.

JlekapCTBeH NPOAYKT MO NeKapcKo npegnucanune. MHpopmauma 3a MeAULMHCKU CNELManuUCTU. 3a AONbAHUTENHA UHPOPMALMA, MOAA, NpoYeTeTe
KpaTKaTa XapaKTepuCTUKa Ha NPOAYKTa, NPesoCTaBeHa OT NPUTEXKaTeNA Ha paspeLleHneTo 3a ynotpeba MakcoCmuTKnaliH, unm ce o6bpHeTE KbM
Bepann-Xemun/A. MeHapuHm Bbarapus EOOL,

6yn. Llapurpaacko woce 90, Codua 1784, e-mail: besofia@berlin-chemie.com Bepann-Xemun/A. MeHapuHu Ebarapus He npenopbysa ynotpebara

Ha TO3Y IeKapCTBEH NMPOAYKT MO HAYMH Pa3/IMYeH OT OMUCAHUA B KPaTKaTa XapakKTEPUCTUKA Ha MPOAYKTa.
Be3nnartHa IMHKA 33 cbobLLaBaHe Ha HeXenaHu nekapcTeeHmn peakumu: 0800 80 828
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