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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Radiotherapy is a key treatment for stage III
non-small cell lung cancer (NSCLC), but tumor proximity to
critical structures-such as the heart, esophagus, and spinal cord
and respiratory motion complicates dose delivery. The Deep
Inspiration Breath Hold (DIBH) technique actively controls
respiratory motion, potentially improving treatment precision.

Methods: This retrospective study included 56 patients with
stage III NSCLC. Each underwent two CT scans: one during
free breathing (FB) and one using DIBH. Dosimetric parameters
for organs at risk (OARs) were compared between FB (with
a 6 mm internal target volume margin) and DIBH plans using
paired Student’s t-tests.

Results: DIBH increased total lung volume by 28% and
reduced heart volume by 12.5%. Lung dose metrics improved
significantly with DIBH, including V5, V20, and mean lung dose
(all P <0.001). Heart dose parameters (V10, V40, mean dose)
also decreased. DIBH significantly reduced both maximum and
mean doses to the esophagus and maximum dose to the spinal
cord.

Conclusions: In stage III NSCLC, DIBH significantly lowers
radiation exposure to OARs and enhances dose delivery
accuracy. By expanding lung volume, it may reduce the risk of
radiation-induced pneumonitis.

Key words. NSCLC, DIBH, radiotherapy, dosimetry, organs
at risk.

Introduction.

Non-small cell lung cancer (NSCLC) accounts for
approximately 85% of all lung cancer cases, with nearly 30%
of patients presenting at a locally advanced stage at diagnosis
[1]. Stage III NSCLC represents a particularly complex and
heterogeneous group, characterized by variations in tumor size,
local invasion, and lymphatic involvement. Centrally located
Stage III NSCLC, in particular, comprises tumors situated near
critical mediastinal structures such as the heart, esophagus, and
spinal cord. This anatomical configuration poses substantial
challenges in radiotherapy planning and delivery, as the
therapeutic dose required for tumor control often approaches
or exceeds the tolerance thresholds of adjacent organs at risks
(OARs). Consequently, achieving optimal dosimetric balance,
maximizing tumor coverage while minimizing normal tissue
toxicity is a central concern in the management of these patients.

Radiotherapy remains a cornerstone of treatment for Stage I11
NSCLC, especially in cases deemed unresectable or unsuitable
for surgical intervention. Conventional radiation therapy
delivered under free-breathing (FB) conditions necessitates
the inclusion of additional treatment margins to account for
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respiration-induced tumor motion. This approach, however, can
result in suboptimal dose distributions and increased exposure
to healthy tissues. To address these limitations, advanced
techniques such as three-dimensional conformal radiotherapy
(3D-CRT) and image-guided radiotherapy (IGRT) have been
developed to improve precision and reduce toxicity [2].

Among these innovations, the Deep Inspiration Breath-Hold
(DIBH) technique has emerged as a particularly effective
strategy. By training patients to hold their breath during
deep inspiration, DIBH increases lung volume and displaces
mediastinal structures, thereby enhancing geometric separation
between the tumor and surrounding OARs. This method has
been shown to reduce the internal target volume (ITV), minimize
the volume of irradiated lung tissue, and lower the administered
dose to critical structures such as the heart, esophagus, and
spinal cord [3,4].

Recent clinical evidence supports the utility of DIBH in
thoracic radiotherapy. For example, the PUDDING phase II
trial demonstrated that DIBH, when combined with daily online
adaptive radiotherapy, significantly reduced the incidence of
grade >3 adverse events in patients with NSCLC [5]. Additional
dosimetric studies have reported reductions in mean heart dose,
lung V20, and spinal cord exposure, reinforcing the potential of
DIBH to improve the therapeutic ratio.

The present study aims to compare dosimetric parameters
in stage III NSCLC patients receiving radiotherapy under
two respiratory condition FB and DIBH. By systematically
analyzing treatment plans and dose-volume metrics, this
investigation seeks to determine the feasibility and clinical
benefit of integrating DIBH into routine practice for high-risk
thoracic radiotherapy.

Patients and Methods.

Patients: This retrospective cohort study included 56
patients diagnosed with stage III NSCLC who underwent
definitive radiotherapy using the DIBH technique between
January 2022 and December 2024. Alongside the lungs, for
dosimetric evaluation of the heart and esophagus, patients with
histologically confirmed stage III NSCLC, particularly those
with centrally located and lower lobe tumors—were selected.
Patients were excluded if they had previously received thoracic
radiotherapy, were unable to sustain breath-hold for more than
10 seconds, or failed to complete the prescribed course of
radiotherapy.

CT simulation, DIBH technique:

All patients underwent non-contrast CT simulation using a
dedicated 40-slice Sensation Open scanner (Siemens, Erlangen,
Germany). Two CT scans were acquired for each patient: one
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under FB conditions and one during DIBH. Scans extended from
the mid-neck to the upper abdomen, with a typical acquisition
time of approximately 15 seconds per scan.

Prior to CT simulation, patients received structured training in
thoracic DIBH. Thoracic DIBH involves coordinated activation
of the diaphragm and chest wall muscles during deep inspiration,
followed by voluntary breath-hold. The training endpoint was
defined as the ability to reproducibly maintain breath-hold at
full inspiration (100%) for at least 15 seconds.

During simulation, patients were positioned supine on the CT
table and initially guided through quiet tidal breathing. This
was followed by verbal coaching to perform a sequence of
slow, deep inspiration, expiration, and a second deep breath-
hold. Respiratory motion was monitored using the Varian Real-
time Position Management (RPM) system (Varian Medical
Systems, Palo Alto, CA, USA). Breath-hold amplitude and
gating window parameters were individualized based on tumor
location and patient performance, with typical values of 3—5 cm
for marker displacement (infrared reflector placed below the
xiphoid process) and 2-3 mm for gating window width.

Target delineation, OARs, treatment planning and statistical
analysis:

The CT dataset was imported into the Eclipse treatment
planning system (version 11.0; Varian Medical Systems, USA).
To contour the Gross Tumor Volume (GTV)—which includes
the primary tumor and pathologically involved lymph nodes—
in lung cancer, contrast-enhanced CT and/or PET-CT should be
used to delineate metabolically active and anatomically visible
tumor regions, excluding atelectasis unless it demonstrates
PET avidity. The clinical target volume (CTV) encompassed
the GTV, with a uniform expansion margin of 0.5 cm. To
account for respiratory motion during free breathing (FB), an
internal target volume (ITV) margin of 0.6 cm was added to the
CTV. Subsequently, a planning target volume (PTV) margin of
0.3 cm was applied for FB and DIBH plans. All lung cancer
patients treated with either DIBH or FB undergo daily image
guided radiotherapy (IGRT), with cone beam CT performed
before each fraction. This protocol ensures tumor position
reproducibility within 2-3 mm, permitting omission of the
ITV margin in DIBH and the application of a uniform 3 mm
PTV margin directly to the CTV in both techniques. Although
a 5 mm margin is commonly used in standard practice, our
workflow incorporating daily volumetric IGRT provides
sufficient confidence to minimize the risk of geographical miss.

OARsincluded the heart, lungs, esophagus, and spinal cord. The
heart volume was delineated as the entire visible myocardium
extending from the apex to the infundibulum, epicardial fat
and pericardium. Lung volumes were automatically contoured
using the auto-contouring tool within the treatment planning
system (TPS). The spinal cord was contoured from the C7 to
T12 vertebral levels.

Intensity-Modulated Radiation Therapy (IMRT) treatment
plan was generated for each contour using the Anisotropic
Analytical Algorithm (AAA). Dose-volume optimization
(DVO) was performed to ensure that 95% of the PTV received
the full prescription dose of 60 Gy. The maximum dose (D
max) within the PTV was restricted to less than 110% of the
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prescribed dose.

Dose-volume histograms (DVHs) were created for both FB
and DIBH plans. The following dosimetric parameters for
OARs were recorded: mean lung dose (D mean), percentage of
bilateral lung volume receiving 5 Gy (V5) and 20 Gy (V20),
mean heart dose (D mean), percentage of heart volume receiving
10 Gy (V10) and 40 Gy (V40), mean esophageal dose (D mean),
esophageal volume receiving 50 Gy (V50), and spinal cord
maximum dose (D max).

Dose constraints for OARs were as follows: lung V20 < 35%,
lung D mean< 18 Gy, heart V40 < 35%, esophagus V50 < 35%,
esophagus D mean< 34 Gy, and spinal cord D max< 46 Gy. All
treatment plans met clinical acceptability criteria.

A conventional treatment regimen of 60 Gy delivered in 2 Gy
fractions was adopted for this study. Dosimetric parameters
assessed under both FB and DIBH conditions included the
mean dose (D mean) and maximum dose (D max) to OARs,
the percentage of lung volume receiving 5 Gy (V5) and 20
Gy (V20), and the percentage of heart volume receiving 10
Gy (V10) and 40 Gy (V40). The FB parameters served as the
baseline control values.

Comparative analysis of lung and heart dose metrics between
DIBH and FB was conducted using paired sample Student’s
t-tests. Pearson correlation coefficients were calculated to
evaluate the relationship between lung volume expansion and
all recorded OAR parameters. A P-value less than 0.05 was
considered indicative of statistical significance.

Results.

Patient characteristics: This study included 56 patients,
comprising 49 males and 7 females, with a median age of 61
years (range: 5270 years). All patients were diagnosed with
stage III NSCLC. Histopathological analysis revealed that 40%
of the cases were squamous cell carcinoma, while the remaining
60% were adenocarcinoma.

Volume comparison:

The total lung volume was 2,857 £ 94 mL during FB and
3,950 + 196 mL during DIBH, reflecting a significant increase
of 1,093 mL, or approximately 28%, in DIBH acquisitions
compared to FB (P <0.001; Table 1). The mean heart volume
measured 592 +28 mL in FB and 526+ 22 mL in DIBH.
Although heart volume decreased by 12.55% in DIBH relative
to FB, this difference did not reach statistical significance
(P =0.045). The mean CTV remained consistent across both CT
datasets. In contrast, the mean PTV was significantly reduced
from 786 + 28 mL in FB to 498 + 37 mL in DIBH, representing
a 36.6% reduction (P<0.001), primarily attributable to
differences in the ITV.

Dosimetric parameters and dose distributions for the PTV and
surrounding normal tissues were assessed using cumulative
DVHs for both FB and DIBH, as shown in Table 2. Significant
improvements in all lung metrics—V5, V20, and mean dose (D
mean)—were observed with DIBH compared to FB (P < 0.001
for all). Similarly, the heart showed notable reductions in V10,
V40, and D mean under DIBH (P < 0.001 for all), indicating
substantial cardiac sparing. For the esophagus, both D mean and
maximum dose (D max) were significantly lower with DIBH,



Table 1. Dosimetric parameters of OAR.

Structure FB volume (Mean + SD) DIBH volume (Mean + SD) P Value

Lung 2857 £94.3 mL 3950 + 198 mL P <0.001
Heart 592 +£36 mL 526 £22 mL P=0.002
CTV 370 + 46 mL 370 + 46 mL P=1.000
PTV 786 + 28 mL 498 + 37 mL P <0.001

FB: Free Breath; DIBH: Deep Inspiration Breath Hold; CTV: Clinical Target Volume,; PTV: Planning Target Volume,; SD: Standard Deviation.

Table 2. Dosimetric comparison between FB and DIBH.

Organ/Structure Parameter FB (Mean = SD) DIBH (Mean + SD) P Value
V5 (%) 57% +1.90 42% +2.11 <0.001
Total Lung V20 (%) 41%+1.33 29% + 1.26 <0.001
Dmean (Gy) 17 +£0.45 14 +£0.47 <0.001
V10 (%) 46% + 3.42 32% +2.98 <0.001
Heart V40 (%) 27% £ 3.13 18% +3.27 <0.001
Dmean (Gy) 16 +2.15 10+ 1.97 <0.001
Esophagus Dmax (Gy) 60+ 1.76 54 +1.87 0.002
Dmean (Gy) 29+0.73 22+0.84 <0.001
Spinal Cord Dmax (Gy) 49 +£0.56 44 +£0.45 0.003

FB: Free Breath; DIBH: Deep Inspiration Breath Hold; SD: Standard Deviation; V5: Percentage Volume Receiving Doses 5 Gy; V20: Percentage
Volume Receiving Doses 20 Gy, V40: Percentage Volume Receiving Doses 40 Gy; D mean: Mean Dose; D max: Maximum Dose.

PTV margin =0.3 ¢

ty

cTv

PTV margin =0.3 cm

ty

FB

DIBH

Figure 1. The ITV and PTV margin in DIBH and FB.
ITV: Internal Target Volume; PTV: Planning Target Volume,; FB: Free Breath; DIBH: Deep Inspiration Breath Hold.

with D mean showing a highly significant decrease (P < 0.001)
and D max also significantly reduced (P = 0.002). The spinal
cord exhibited comparable improvements, with a significant
reduction in D max (P =0.003), as detailed in Table 2.

Discussion.

This study assessed the dosimetric impact of DIBH compared
to FB in fifty-six patients with stage IIl NSCLC. Each patient
underwent CT simulation under both respiratory conditions
to evaluate changes in organ volumes and radiation exposure.
DIBH led to a significant increase in total lung volume—
approximately 27%—which is consistent with previous studies
reporting lung expansion between 45% and 52% during DIBH
techniques [6,7]. More recent studies confirm reproducibility of
DIBH within 2-3 mm under daily CBCT or surface guidance,
supporting margin reduction strategies [8,9]. In VMAT
planning, DIBH has been shown to enhance lung sparing and
improve conformity [10,11]. The CTV remained unchanged
between FB and DIBH scans, as it was derived from the same
tumor contours, eliminating inter-scan delineation variability.
However, omission of the ITV margin in DIBH planning
resulted in a 36.6% reduction in PTV, a finding that aligns with
recent DIBH-based lung cancer protocols [5]. This geometric
reduction is consistent with modern IGRT workflows that
validate smaller margins [9]. We emphasize that the observed
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dosimetric advantage results from both anatomical lung
expansion during DIBH and geometric reduction of the PTV
volume, each contributing independently to dose sparing.

Heart volume decreased significantly under DIBH, from 592 +
28 mlin FB to 526 + 22 ml, corresponding to a 12.5% reduction.
The mean heart dose decreased by 37.5% (10.0 = 1.97 Gy vs.
16.0 = 2.15 Gy, P < 0.001), with corresponding reductions in
V10 and V40. These improvements are influenced by tumor
location, target geometry, and the anatomical shifts induced by
DIBH [3]. Gong et al. reported that this reduction results from
pericardial compression during lung inflation, which displaces
the heart posteriorly and inferiorly [12]. More recent VMAT/
DIBH studies confirm substantial reductions in mean heart dose
and high-dose volumes [8,13]. This anatomical displacement
contributes to reduced cardiac exposure, a critical consideration
given the established link between heart dose and long-term
cardiovascular morbidity [14].

Radiation pneumonitis (RP) remains acommon complication in
thoracic radiotherapy, particularly in patients with compromised
pulmonary function. Dosimetric predictors of RP include VS5,
V20, and mean lung dose. In our cohort, DIBH reduced mean
lung dose by 17.6% (14.0 + 0.47 Gy vs. 17.0 £ 0.45 Gy, P <
0.001), primarily due to increased lung volume and reduced
target margins. Similar reductions in V20 and mean lung dose



have been reported in contemporary VMAT+DIBH series [8],
which correlate with lower RP risk in modern chemoradiation
protocols [15]. These findings are consistent with prior studies
demonstrating that DIBH lowers irradiated lung volume and
spares critical respiratory regions [8].

The esophagus also showed favourable dose reductions with
DIBH. Mean dose decreased by 7.0 Gy (22.0 £ 0.84 Gy vs. 29.0
+0.73 Gy, P <0.001), and maximum dose dropped by 6.0 Gy
(44.0 £ 1.87 Gy vs. 60.0 + 1.76 Gy, P = 0.002). These metrics
are known predictors of radiation-induced esophagitis (RIE).
Dehing-Oberije et al. identified D mean and D max as key
indicators of acute dysphagia risk [16]. Recent VMAT+DIBH
studies also report meaningful reductions in esophageal
dose, particularly in centrally located tumors [10], although
variability across cohorts remains [17]. In contrast, Marchand et
al. reported only a modest reduction in esophageal Dmean with
DIBH and negligible change in D max, highlighting variability
across patient cohorts and planning techniques [17].

More recent dosimetric studies in NSCLC confirm that DIBH
can modestly reduce spinal cord maximum dose, largely due
to decreased target margins and favourable anatomical shifts
[10,15]. VMAT-based DIBH planning has further shown
incremental sparing of the spinal cord, providing an additional
safety margin even though the clinical impact is less pronounced
compared to lung and heart endpoints [10]. In our study, DIBH
reduced spinal cord maximum dose by 5.0 Gy (44.0 + 0.45 Gy
vs. 49.0 + 0.56 Gy, P = 0.003), likely due to reduced target
margins and favorable anatomical shifts. Similar incremental
sparing has been observed in VMAT+DIBH protocols [15],
providing additional safety margins even though clinical impact
is modest compared to lung and heart endpoints. The proximity
of the spinal cord to the esophagus may also contribute to
parallel dose reductions.

Emerging literature emphasizes heterogeneity of DIBH
benefits by tumor site, with centrally located and lower lobe
tumors showing greater OAR sparing [8]. Stratified analyses by
tumor location may therefore provide further insight into patient
selection and optimization of DIBH protocols.

Conclusion.

This study demonstrates that the DIBH technique offers
significant dosimetric advantages over FB in the radiotherapy
of stage III NSCLC. DIBH effectively increases lung volume,
reduces ITV, and consequently decreases PTV, leading to
substantial reductions in radiation exposure to critical organs.
Notably, mean doses to the lungs, heart, esophagus, and
spinal cord were significantly lower with DIBH, contributing
to improved organ sparing and potentially reduced risk of
radiation-induced toxicities. These benefits are particularly
relevant in minimizing the likelihood of radiation pneumonitis,
cardiac complications, and esophageal injury. While the study is
limited by its single-center design and modest sample size, the
findings support the integration of DIBH into routine clinical
practice for eligible patients, emphasizing the importance
of careful patient selection and respiratory coaching during
simulation and treatment delivery.
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0M3s 0bL30MOE00L MM Lybmgzol 99353900l (DIBH)

3996030 992351935 III LEBOEOOL SMIHIMHOWYRHGOM3560
RBoEGH30L 300ml (NSCLC) 5Q0MMYMH300l
©MHB0IYEGHMOE0 990093900L QoLomBxMdILYdES©

3mbo:  MOoMmMIM305  Fo®dmoagbl III  LEswool
50583007  xMJ0sbo  FowEHzol  3odml  (NSCLC)
0939960b5¢rmdol doGomo dgomEL. mwdzs, Lodbogbol

Losbermgg 360Gz LAY BHOHGONH—
OHMAMM035% M0, bogwsdsgzo dowo s Bmeyol
A30bo—s  Lbybodgomo  GmdGomds M0 gdl

©MBob BMl@E ofmgdsl. MTs 0bb3oMsool MM
Lmbod3zol  89303900L  (DIBH)  $gdbogs  sd&HomMo
53mbGHOMAdL  bLmbodzom  9mdGmomdsl s byl
MPgmdL  9390bsmdol  LOBNLEHOL  gogdx mBILYOL.
0900m©Yd0:  MHgGHOML3gJGHME  33gzsdo  BsOmweo
0ym 56 3530960 III LEsool NSCLC-0m. 00000mgel
RPom@ots  mMo  3m330MFGHIOMo  GHMIMyOo80s
(CT): ghoo  omsg30bvBoo  bybmgdzol (FB)  @®mlb
@5 dgmég DIBH gdbogol  go0mygbgdom. Gobzol
4300 9gmgzo  mOasbmgool (OARs) mbodg@momero
356589¢9d0  IgsMgdmwo odbs FB s (6 90 dos
Lo8obby MM mdol doMgom) DIBH g93090L dméol,
Student-ob  ©sHY30WgdMEoO  t-BgbGHOL  2sdmygbgdoo.
390093900: DIBH-00 g30&30L LogMom dmmermds 28%-
000 350BsMmEs, BMw® ol ImEmemds 12.55%-om
399306005. BowE30L MHodgBHowwo dsBz969dwgd0
3600369¢m3bo  ogdxmdgbos DIBH-om, oo dmMol
V5, V20 @5 Ls8msem 530 G308 ombs (yzgus P < 0.001).
310b M BoL Jshgz9693gd0 (V10, V40, Lodrswm ombo)
a3 dg9oMes. DIBH-85 9608369cmabs 8958306
O3 Logers3s30 Bool BodlodserMo s bedmowm
©MBy, 01939 BMGOPOL GH3060L  Foduodogrmo Mb..
51336900: III LEsoolb NSCLC-ob 9dmby 35309639080
DIBH 39dbo3s 9600369 m3gbo 5930690L
500MIEGH0MO sliboggdol b90mgdggdsl

252

OARs-bg @5  0m0xmdqLodL  ©@mBolb  dofimgdol
LoBMLEIL.  BowEH30L  FmEmEemdol  gebOom, gb
doymds  dgloderms  99s930MML  MOEOMMIMI300L
3909250 2499mf399wo 36930mbo@ol 6olL3o.
153396dm  Lo@yggdo: NSCLC; DIBH; 6Ms@ommgMados;
©MH0IYBHM0; HOLIOL 398 BYmBo MMHABMYdO.
OLEHKA TEXHUKUN TJYBOKOI'O BJIOXA C
3AJIEPKKOM JIBIXAHUSA (DIBH) 115 YJIYUIIEHUS
JO3UMETPUYECKHUX MMOKA3ATEJIEN P
JIYYJEBOM TEPAIIMM HEMEJKOKJIETOYHOI'O
PAKA JIETKOI'O (NSCLC) III CTAIUA

BBenenmne: JlyueBast Tepamus ocTaéTcss OCHOBHBIM METOIOM
JICYCHUS] HE MEJIKOKIETOYHOro paka yérkoro (NSCLC) III
cramun. OmHAKO ONU30CTH OMYXONH K JKU3HECHHO BaXKHBIM
CTPYKTYpaM — TaKUM KaK cep.Ile, IMUIICBO i CIIMHHON MO3T- a
TaKXKe JBIXaTeIbHBIC IBIKCHUS 3aTPYAHAIOT TOYHYIO JOCTABKY
no3bl. TexHMKa TIyOOKOTO BIOXa C 3aJCPIKKOH BIXaHUS
(DIBH) mo3Bomnsier akTHBHO KOHTPOJHMPOBATH IbIXaTEIbHBIC
JBIDKCHUS, TIMOTCHIMATBFHO TIOBBIMIAS TOYHOCTH JICUCHHS.
Mertoasl: B perpocnekTHBHOE — HCCIENOBaHWE  OBLIH
BkmoueHbl 56 manuentoB ¢ NSCLC III cragun. Kaxpomy
MaIMeHTy ObUIM  BEIMONHEHBI aBa  KT-ckanmpoBaHus:
oIHO B YycnoBusix cBoboxHoro neixanus (FB) wm nmpyroe
¢ npumenenuem TexHuku DIBH. Jlozumerpuueckue
napamMeTpsl s opraHoB pucka (OARs) cpaBHUBAIUCE MEKITY
wradnamMu FB (¢ BHyTpeHHHMM 3amacoMm o0béMa memun 6 M)
u DIBH c wucnons3zoBanuem napHoro t-tecra CTbIOJEHTA.
Pesyabrarsr: [Ipn DIBH o0muit 06béM NErkux yBenuamics
Ha 28%, a 00BEM cepana ymenbimmics Ha 12,5%. [lokazarenn
03Bl JUISL JIETKUX 3HAUYUTEIBHO yiaydmmiuch: VS5, V20 u
cpemnsist mo3a (Bce P <0,001). Taxke HaOMIOIaI0CH CHUKCHUE
no3el Ha cepaue: V10, V40 u cpennsas no3a. DIBH 3HaunTensHo
CHI3WJI KaK MaKCUMalbHYI, TaK H CPCOHIOI0 103y Ha
MMUIIECBOJI, & TaK)XK€ MAaKCHMAIBHYIO J03y Ha CIIMHHOH MO3T.
BoiBoapl: YV manmmentoB ¢ NSCLC III cragum TeXHUKA
DIBH 3HauuTensHO CHMXKAET JIy4EBYH0 HArpy3Ky Ha OpraHbl
pucka (OARs) u TOBBIIACT TOYHOCTH OCTaBKH JTO3BI. 3a
cuéT yBenWycHHUs OO0BEMa IJIETKMX MaHHBIH ITOAXOJ MOXKET
CHOCOOCTBOBATh CHI)KCHUIO PUCKA JTyYCBOTO ITHEBMOHHMTA.
KioueBble caoBa: NSCLC; DIBH; nydeBast Tepanus;
JO3MMETPUS; OPTaHbI pulcka
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