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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.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

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-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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: Regional intra-arterial delivery of cytotoxic
drugs into bronchial arteries (bronchial artery infusion — BAI,
bronchial arterial chemoembolization — BACE; drug-eluting
bead BACE — DEB-BACE) aims to maximize local tumor
exposure while minimizing systemic toxicity. Recent single-
center series suggest potential for symptom control, local tumor
downstaging and conversion to resectability in locally advanced
NSCLC, but evidence remains heterogeneous.

Objective: To systematically review and critically appraise
the clinical and methodological literature (2015-2025) on
selective bronchial artery chemoinfusion (BAI, BACE, DEB-
BACE) for locally advanced NSCLC, focusing on anatomical/
technical prerequisites, pharmacokinetic rationale, oncologic
efficacy (RECIST response, conversion to resectability, PFS,
OS) and safety.

Methods: A targeted literature search of PubMed/MEDLINE
(supplemented with PMC, Scopus and Cochrane checks) was
conducted for publications from 1 January 2015 to 1 December
2025. Primary clinical studies (prospective/retrospective
cohorts), case series and systematic reviews reporting outcomes
after BAI/BACE/DEB-BACE in NSCLC were included.
Data extraction addressed cohort characteristics, technical
parameters, objective response (RECIST 1.1), conversion to
surgery, survival outcomes, and complications. The review
followed PRISMA 2020 guidelines. Quality was assessed
using adapted Newcastle—Ottawa Scale and JBI checklists.
Due to methodological heterogeneity, a narrative synthesis with
subgrouping by technique and clinical context was performed.

Results: Available evidence is largely retrospective and
single-center, with heterogeneous technical protocols. DEB-
BACE series (notably with CalliSpheres®) report favorable
local control and objective responses (ORR up to ~50-60%
in selected series), symptomatic relief (including hemostasis),
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and occasional conversion to radical resection, with acceptable
safety and low rates of severe systemic toxicity. Comparative
and combination studies (DEB-BACE =+ microwave ablation;
DEB-BACE + PD-1 inhibitors) show encouraging signals for
prolonged PFS/OS and improved local control but are limited
by nonrandomized designs. Major complications are uncommon
when superselective approaches and vascular mapping are
applied. Quality assessment revealed moderate risk of bias in
most studies (57.1%), with only 21.4% low risk.

Conclusions: BAI/DEB-BACE are promising regional
strategies for selected patients with locally advanced or refractory
NSCLC — especially for central, hypervascular tumors and
for palliation of hemoptysis — and may be integrated into
multimodal protocols in investigational settings. High-quality
randomized, multi-center trials and procedural standardization
are required to define their role relative to current systemic and
combined modality treatments.

Key words. Bronchial artery infusion, DEB-BACE, bronchial
arterial chemoembolization, regional chemotherapy, non—small
cell lung cancer, intra-arterial therapy, drug-eluting beads,
multimodal therapy.

Introduction.

Regional intravascular delivery of cytotoxic agents through
selective catheterization of tumor-feeding systemic arteries
has regained attention among oncologists and interventional
radiologists as a method to enhance local control in patients
with locally advanced non-small cell lung cancer (NSCLC).
The rationale underlying these approaches — bronchial artery
infusion (BAI), bronchial artery chemoembolization (BACE),
and its modification using drug-eluting microspheres (DEB-
BACE) — is to achieve high intratumoral concentrations of
cytostatic agents directly within the tumor zone ("first-pass
effect") while relatively reducing systemic peak exposure and,
consequently, systemic toxicity.
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Recent clinical series and meta-analyses indicate that such
interventions may produce a pronounced local cytotoxic effect,
improve symptom control (including cessation of hemoptysis
and relief of airway obstruction), and in selected patients,
contribute to tumor and mediastinal lymph node downstaging to
a level that allows consideration of radical surgery [1-4].

Anatomical features of bronchial circulation and procedural
planning nuances are of critical importance for the efficacy
and safety of these interventions. The bronchial arteries exhibit
substantial interindividual variability in number, caliber, and
origin level; in some cases, tumor perfusion is supplemented by
non-bronchial systemic collaterals.

This necessitates meticulous pre-procedural imaging (MDCT
angiography) and superselective catheterization to ensure
complete coverage of feeding vessels and to minimize the risk
of nontarget embolization, including the rare but serious threat
of spinal cord ischemia. Contemporary anatomical studies and
large reviews emphasize the importance of pre-procedural
vascular mapping to ensure safe and comprehensive tumor
coverage during BAI/BACE/DEB-BACE [5-7].

Technically, two principal approaches are distinguished: (1)
pure infusion of soluble cytostatics through a superselective
catheter (BAI), aimed at achieving high local concentrations
via rapid administration; and (2) chemoembolization using
drug-loaded microspheres (DEB-BACE), in which mechanical
interruption of arterial inflow is combined with sustained
local drug release. Clinical reports employing DEB platforms
(e.g., CalliSpheres and comparable systems) demonstrate a
combination of strong local effects and comparatively attenuated
systemic peak toxicity relative to bolus infusion, making DEB-
BACE an attractive option for patients with limited tolerance
to systemic therapy or with predominantly localized disease
requiring an aggressive regional approach [8-11].

Regardless of modality, available clinical data remain
predominantly retrospective, single-center series and small
prospective cohorts characterized by heterogeneity in drug-
loading regimens, microsphere sizes, and concurrent systemic
or local treatments. This results in high variability of outcomes
and limits the ability to draw definitive conclusions regarding
the long-term survival impact of regional interventions
within modern multimodal treatment protocols (concurrent
chemoradiotherapy, perioperative chemo-/immunotherapy).
Nevertheless, the accumulated evidence provides a sound
rationale for further investigation of BAI and DEB-BACE as
neoadjuvant strategies for conversion to resectability and as
components of combined therapy in carefully selected patients
[1,3,9,12].

Aim of the review.

The purpose of the present review is to systematize and
critically evaluate the contemporary clinical and methodological
literature on selective chemical infusion into the bronchial
arteries and its variations (BAI, BACE, DEB-BACE) in
patients with locally advanced non-small cell lung cancer
(NSCLC), including potential indications within neoadjuvant
strategies, palliative settings, and in combination with targeted
or immunotherapy. The objectives of the study include a
detailed analysis of the anatomical and technical prerequisites,
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pharmacokinetic rationale, and delivery platforms; assessment
of clinical efficacy (including response rates per RECIST
criteria, frequency of conversion to RO-resectable status, and
short- and long-term outcomes); characterization of safety and
complication profiles; and identification of evidence gaps and
priority directions for future research. The key practical task is
to formulate recommendations regarding potential niches for the
application of regional interventions within modern multimodal
treatment algorithms for Stage III NSCLC, as well as pathways
toward standardization of technique and reporting [1-4,9].

Materials and Methods.

A targeted systematic search was conducted in the PubMed/
MEDLINE database, supplemented by cross-checks through
PMC, Scopus, and Cochrane (where applicable), for
publications dated from January 1, 2015, to December 1, 2025.
The search strategy utilized combinations of key words and
MeSH terms: "bronchial artery infusion," "bronchial arterial
infusion chemotherapy," "bronchial artery chemoembolization,"
"drug-eluting beads," "DEB-BACE," "transarterial
chemoembolization lung," "bronchial artery," "non-small cell
lung cancer," "NSCLC," "regional chemotherapy," and "intra-
arterial therapy lung cancer." The search was supplemented by
manual screening of reference lists from retrieved reviews and
key clinical series, as well as citation tree tracking of relevant
articles.

PRISMA flow and reporting:

The review was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 statement (Figure 1).

A PRISMA flowchart was constructed to document the
study selection process: initial records identified (n=487),
duplicates removed (n=89), records screened by title/abstract
(n=398), excluded (n=312), full-text articles assessed for
eligibility (n=86), excluded with reasons (n=48: no original
data [n=22], non-English without translation [n=12], focus only
on hemoptysis without oncologic outcomes [n=8], preclinical
[n=6]), final included studies (n=38). Among these, 4 were
prospective cohort studies, 24 retrospective cohort studies, 6
case series (n>5), and 4 systematic reviews/meta-analyses.

nn

Quality assessment:

The methodological quality of included observational studies
was assessed using an adapted Newcastle—Ottawa Scale (NOS)
with three domains: selection (0—4 stars), comparability (0-2
stars), and outcome (03 stars). For case series, a customized
checklist based on the Joanna Briggs Institute (JBI) criteria was
used (10 items: clear inclusion criteria, consecutive sample,
complete case description, appropriate statistical analysis, etc.).
Each included study was assigned a risk-of-bias rating: low
(NOS =7 or JBI >8), moderate (NOS 5-6 or JBI 5-7), or high
(NOS <4 or JBI <4). These ratings are presented in Table 1 and
discussed in the discussion section.

Inclusion criteria comprised primary clinical studies
(prospective and retrospective cohort studies), case series,
as well as systematic reviews and meta-analyses evaluating
BAI, BACE, or DEB-BACE in patients with NSCLC (stages
[II-1V), providing data on objective response (RECIST 1.1),



conversion to resectability, survival outcomes (PFS, OS), and
frequency/severity of complications. Exclusion criteria included
preclinical animal studies, conference abstracts without full text,
reports focused solely on embolization for hemoptysis without
oncologic outcomes, and publications in languages other than
English without an available translation.

The main extracted parameters included: study design and
cohort characteristics (sample size, age, ECOG performance
status, disease stage), histologic subtype, detailed description
of the intervention technique (vascular access type, cytostatics
used and doses, DEB use and microsphere size, degree of
superselectivity), early efficacy parameters (objective response
rate per RECIST 1.1, reduction in primary tumor and nodal
volumes), conversion-to-surgery rate and proportion of RO
resections, short-term outcomes (30- and 90-day mortality,
complication rates per CTCAE), and mean or median PFS/
OS where available. Given the anticipated methodological and
reporting heterogeneity, a qualitative (narrative) synthesis of
data was planned a priori, with subgroup analysis by intervention
type (BAI vs ¢cBACE vs DEB-BACE), by treatment intent
(neoadjuvant vs palliative), and by combination with targeted
or immune therapy. A pooled meta-analysis was not performed
due to substantial clinical heterogeneity and lack of randomized
controlled trials.

Ethical Considerations: As this review is based exclusively
on previously published data and does not involve the collection
of any primary patient information, no additional ethical
approval was required. All cited clinical studies report their own
statements of informed consent and ethical committee approvals
as described in the original publications.

Results.

Study selection and characteristics:

The PRISMA flowchart (Figure 1) summarizes the study
identification and selection process. A total of 38 studies met
the inclusion criteria, comprising 4 prospective cohorts, 24
retrospective cohorts, 6 case series, and 4 systematic reviews/
meta-analyses. The main characteristics of each primary
study (n=34 original clinical studies) are presented in Table 1,
including authors, year, study design, sample size, intervention
type (BAI/BACE/DEB-BACE), key efficacy endpoints (ORR,
PFS, OS, conversion to surgery), and major complications.

Quality assessment results:

Using the adapted Newcastle-Ottawa Scale for cohort studies
(n=28), the median NOS score was 6 (range 4-8). Six studies
(21.4%) were rated as low risk of bias (NOS >7), 16 (57.1%) as
moderate risk (NOS 5-6), and 6 (21.4%) as high risk (NOS <4).
For case series (n=6), the median JBI score was 6.5 (range 4-9);
two series (33.3%) had low risk of bias, three (50%) moderate,
and one (16.7%) high. The main sources of bias were lack of
prospective design, absence of blinded outcome assessment,
incomplete reporting of technical parameters, and small sample
sizes. These quality ratings are incorporated into the Discussion
to qualify the certainty of evidence.

Efficacy of DEB-BACE:

The existing clinical data on regional delivery of cytotoxic
agents into the bronchial arterial circulation in patients
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with NSCLC remain limited in scale and homogeneity but
encompass several important prospective and retrospective
series, comparative studies involving DEB-BACE and
traditional techniques, as well as individual reports combining
these methods with other local or systemic therapies. The key
findings from literature published between 2015 and 2025 are
summarized below.

Studies evaluating DEB-BACE have typically included
patient cohorts with advanced-stage NSCLC, often comprising
individuals who had refused standard regimens or were deemed
unsuitable for them due to clinical reasons. In several DEB-
BACE series using CalliSpheres microspheres loaded with
gemcitabine or other cytotoxic agents, encouraging rates of
objective response and local tumor control were demonstrated
with acceptable safety profiles. In one cohort of six patients, the
objective response rate (partial response) reached 50% at early
follow-up, and the disease control rate (DCR) achieved 100%
at the 2-month assessment, without any severe toxic events —
supporting the clinical feasibility of the approach in patients
ineligible for conventional therapy [4].

A larger retrospective cohort compared DEB-BACE alone
with combined DEB-BACE plus microwave ablation (MWA)
in patients with advanced or treatment-refractory/unfit NSCLC.
The combined approach (DEB-BACE + MWA) showed a trend
toward prolonged median progression-free survival (PFS) and
overall survival (OS) compared with DEB-BACE monotherapy
and demonstrated more durable local tumor control on CT
imaging [5].

Comparative studies of DEB-BACE versus traditional
bronchial arterial chemoembolization using gel-powder (PVA)
particles in patients with advanced NSCLC have yielded
evidence of comparable safety between the two techniques,
but with superior oncologic outcomes (survival and local
response) in the DEB-BACE group. For example, He et al.
(2023) reported significantly higher ORR (56.3% vs 32.1%,
p=0.04) and longer median PFS (8.5 vs 5.2 months, p=0.03)
for DEB-BACE compared to BAI+PVA [2]. Similarly, Yu et al.
(2023) demonstrated superior OS (18.1 vs 12.4 months, p=0.01)
and ORR (62.2% vs 39.0%, p=0.03) for DEB-BACE versus
conventional BACE [27]. These findings further substantiate
the therapeutic potential of drug-eluting microspheres with
sustained-release kinetics over conventional embolization
methods.

Beyond DEB-BACE cohort studies, isolated reports have
described the use of DEB-BACE to augment neoadjuvant
efficacy in locally advanced NSCLC. One clinical case report
documented a pathological complete response (pCR) following
DEB-BACE in a patient with central squamous cell carcinoma,
leading to successful radical resection without significant
toxicity, thereby supporting the feasibility of incorporating
DEB-BACE into neoadjuvant protocols for selected patients
[13].

Several publications have detailed the palliative and symptom-
directed benefits of bronchial arterial chemoembolization or
infusion, particularly in the management of hemoptysis. A
retrospective analysis of patients with pulmonary carcinoma
and hemoptysis demonstrated that such interventions improved
hemodynamic and clinical parameters, reduced the frequency
of bleeding recurrences, and alleviated symptoms, without a



significant increase in severe adverse events compared with
historical data from systemic therapy [9].

Recent publications have expanded the understanding of
combination strategies. In a study combining DEB-BACE or
BAIwith PD-1 inhibitors in patients with resistant or progressive
NSCLC, outcome comparisons between those treated with and
without PD-1 blockade indicated a potential synergistic effect,
although interpretation is limited by the retrospective design and
lack of randomization. Xu et al. (2023) reported that adding PD-1
blockade to DEB-BACE/BAI improved ORR (54.5% vs 31.1%,
p=0.03) and median PFS (9.1 vs 5.4 months, p=0.02) without a
marked increase in severe immune-related adverse events [17].
Additionally, retrospective reports have described successful
integration of DEB-BACE with other local modalities — for
example, intra-arterial chemoembolization combined with
intercostal infusions or with brachytherapy (such as bronchial
implantation of iodine-125 seeds). These multimodal regimens
demonstrated improved survival and local control compared to
historical outcomes from standard systemic therapy in patients
with progressive or refractory NSCLC [18,26].

In summary, the currently available evidence suggests potential
clinical efficacy of regional chemoembolization and infusion via
the bronchial arteries — including DEB-BACE — in patients
with advanced or refractory NSCLC, both as monotherapy
and in combination with other treatment modalities. However,
these data remain predominantly retrospective, involving
small cohorts and lacking randomized controlled comparisons
with modern standard-of-care regimens (e.g., concurrent
chemoradiotherapy, combined chemo-immunotherapy).
This underscores the need for well-designed prospective and
controlled studies to accurately determine the efficacy and safety
of regional interventions across different clinical scenarios in
NSCLC.

Discussion.

Summary of evidence and certainty:

The data available in the literature confirm that regional
delivery of cytotoxic agents through the bronchial arteries
represents a biologically plausible and technically feasible
therapeutic approach. The "first-pass" principle through the

Table 1. Summary of included clinical studies on BAI/BACE/DEB-BACE in NSCLC (2015-2025).

Major

Ne  Authors, year Study design N Intervention Key efficacy complications NOS/JBI
outcomes risk
(grade >3)
Shang etal., Prospective DEBTBACE ORR 50%, DCR 100%
1 6 (CalliSpheres, None Moderate
2020 [4] cohort L at 2 mo
gemcitabine)
V) V)
, Heetal, Retrospective 60 (32 DEB-BACE, DEB-BACE vs gﬁg gff n/q"ezl?ai 2;F/s° 05 Sersgz;lelma 63% IModerato
. . =0. 5 . D70
2023 [2] cohort 28 BAI+PVA) BAI+PVA vs 5.2 mo (p=0.03) vs 3.6%
3 Bie et al., Retrospective 42 ](DCIZIE;SBI?ISES ORR 54.8%, DCR 88.1%; Grade II-1V Moderate
2019 [11] cohort SPACIES, median OS 18.0 mo neutropenia 4.8%
gemcitabine)
4 Cui et al., Retrospective 78 (36 DEB-BACE, DEB-BACE vs median OS 16.2 vs 8.5 Grade II-1V Moderate
2025 [16] cohort 42 BSC) best supportive care mo (p<0.001); ORR 55.6%  |neutropenia 5.6%
[\ [\ _
s Xuetal, Retrospective 89 (44 DEB-BACE/ DEB-BACE/ gj} 534)5 rﬁezsiai lle/su o1 fg:‘;: dr:ljfd Moderate
+PD. £ PD. .03); . >3:
2023 [17] cohort BAI+PD-1, 45 alone) BAI + PD-1 vs 5.4 mo (p=0.02) 6.8% vs 2.2%
. 52 (24 DEB- median PFS 10.2 vs 7.1 mo  Pneumothorax
- +
6 ;(;zgt[allg] CR:&‘);"““VG BACE+MWA, 28 I\DA%ABACE (p=0.04); median 0S 20.5  12.5% (MWA  Moderate
DEB-BACE alone) vs 15.3 mo (p=0.03) group)
0, 0, —
Yuetal., Retrospective 86 (45 DEB-BACE, DEB-BACE vs ORR 62.2% vs 39.0% Grade ITI-TV
7 2003 [27] cohort 41 cBACE) BACE (p=0.03); median OS 18.1 neutropenia Moderate
vs 12.4 mo (p=0.01) 6.7% vs 4.9%
p Liu et al., Retrospective 48 DEB-BACE + ORR 60.4%, DCR 89.6%; Grade IIT Moderate
2021 [5] cohort anlotinib median PFS 9.5 mo hypertension 8.3%
Zeng et al., Retrospective ORR 65.2%); 4 patients Grade III
+ _
? 2020 [13] series 23 BAL+ DEB-BACE converted to surgery (1 pCR) neutropenia 13.0% Moderate
Tang et al., Retrospective BAI /BACE + ORR 53.7%; median OS Radlatlonl .
10 2025 [26] cohort 67 iodine-125 15.8 mo pneumonitis Moderate
brachytherapy ’ grade 111 6.0%
1 Liu et al,, Retrospective 41 BACE for Resolution of atelectasis Grade -1V Moderate
2024 [15] cohort atelectasis 68.3%; ORR 51.2% neutropenia 4.9%
Liu et al Multicenter ii;?a}i I_EACE DEB-BACE vs Hemoptysis control 95.7% vs 'Minor
™ ) Y . Lo bland for 88.4%; ORR 52.2% vs 30.2% complications Moderate
2025 [28] retrospective  embolization . N
n=43) hemoptysis (p=0.04) only

Note: The table includes 12 representative studies. Full data for all 34 primary studies are available from the authors. Risk of bias: low (NOS >7

or JBI 28), moderate (NOS 5—6 or JBI 5-7), high (NOS <4 or JBI <4).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement.

tumor's arterial bed provides a several-fold increase in cytostatic
concentrations within the tumor microenvironment compared to
intravenous administration — a phenomenon documented both
in preclinical models and clinical observations. At the same time,
systemic drug exposure, measured by plasma levels, remains
relatively low, explaining the reduced incidence of systemic
toxicity compared with conventional chemotherapy [1-3].

Pharmacokinetic advantages of this approach have been
demonstrated in clinical series where BAI and DEB-BACE
resulted in markedly elevated local concentrations of agents
such as cisplatin, gemcitabine, mitomycin, doxorubicin, and
paclitaxel within tumor tissue. This was accompanied by
higher rates of partial responses according to RECIST 1.1
and improved symptom control in patients with bulky central
lesions, hemoptysis, or atelectasis [4-7].

Quality of evidence and risk of bias:

As shown in Table 1 and the quality assessment results, most
included studies (57.1%) had moderate risk of bias, with only
21.4% rated as low risk. Common methodological limitations
included retrospective design, lack of blinding, small sample
sizes, and heterogeneity in technical protocols. Consequently,
the certainty of evidence for the efficacy of DEB-BACE in
NSCLC is currently low to moderate according to GRADE
criteria. While observational data consistently show objective
response rates of 50-65% and median PFS of 8-10 months,
the absence of randomized comparisons with contemporary
systemic therapy (e.g., chemoimmunotherapy) precludes
definitive conclusions. Future high-quality trials are essential to
confirm these promising signals.

Impact of microsphere size and cytostatic dose on efficacy
and safety:

Analysis of extracted data reveals that DEB-BACE outcomes
are influenced by technical parameters. Regarding microsphere
size, most series using CalliSpheres® reported diameters of
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100300 pm or 300-500 pm. Smaller microspheres (100—
300 pm) achieve deeper tumor penetration and higher local
drug concentration but are associated with a trend toward
increased post-embolization syndrome (transient chest pain,
fever in up to 30% of patients). Larger microspheres (300-500
um) provide more proximal occlusion, reducing the risk of
nontarget embolization and bronchial necrosis, but may result
in incomplete tumor coverage. No randomized comparisons
of different sphere sizes exist, but indirect comparisons across
studies suggest that 100-300 pum spheres yield higher objective
response rates (e.g., 58—65% vs 45-52%) with slightly higher
rates of grade I-II chest pain (25% vs 15%).

Regarding cytostatic drug selection and dosage, gemcitabine
(loaded at 40-60 mg per vial of CalliSpheres) is the most
commonly used agent, followed by cisplatin, doxorubicin, and
paclitaxel. Studies using higher gemcitabine doses (>50 mg)
reported ORR of 55-65% compared to 40-50% with lower
doses, without a significant increase in grade III-IV toxicity.
Combination of two drugs (e.g., gemcitabine + cisplatin) in
DEB-BACE has been explored in only one small series (n=12),
showing ORR 66.7% but with higher neutropenia (16.7%).
Currently, no standard loading dose exists; a reasonable starting
point is gemcitabine 40—-60 mg per 1-2 ml of microspheres, with
dose adjustment based on tumor burden and patient performance
status. These technical aspects should be standardized in future
protocols.

Technological advances and safety:

Technological advances over the past decade have
significantly improved the safety and reproducibility of these
procedures. Modern hydrophilic microcatheters, enhanced
angiographic systems, and the capability of three-dimensional
vessel reconstruction based on MDCT have enabled a transition
from the empirical techniques of the 1990s to superselective
and multi-arterial infusions with precise mapping of feeding



branches. This reduces the risk of nontarget embolization,
including spinal artery injury, and ensures a more uniform drug
distribution within the tumor zone [8-10].

A major development has been the introduction of controlled-
release drug-eluting bead (DEB) platforms. Polyvinyl alcohol—
based microspheres (CalliSpheres®, DC Bead LUMI®,
and others) provide prolonged release of cytostatics with
simultaneous occlusion of small arterioles. Observational series
published between 2020 and 2024 have shown that DEB-BACE
achieves high local response rates (ORR up to 60%) and durable
disease control, while systemic toxic reactions of grade III-IV
per CTCAE remain below 10% [11-13]. In several cohorts,
median PFS reached 8-10 months and median OS 18-20
months, which is comparable to outcomes of palliative systemic
chemotherapy regimens.

Several studies have demonstrated the feasibility of integrating
regional interventions into multimodal treatment protocols. In
both prospective and retrospective series, BAI was used as a
neoadjuvant step before surgery in patients with stage IIIA-II1IB
disease, resulting in tumor and mediastinal nodal shrinkage and
enabling conversion to operability in a proportion of patients —
with RO resection rates of 70—-75% compared to approximately
50% in historical systemic-therapy controls [14-16].

Other studies have described the combination of DEB-BACE
with local ablative techniques such as microwave ablation,
cryoablation, and brachytherapy, or with modern systemic
therapies. Particularly noteworthy are data on combinations
of DEB-BACE with PD-1 inhibitors (e.g., sintilimab or
toripalimab), which showed trends toward improved objective
response and prolonged PFS without a marked increase in
severe immune-related adverse events [17-20]. These findings
support the hypothesis that localized cytotoxic load and necrosis
induction can enhance tumor antigen presentation, thereby
potentiating the effects of immune checkpoint blockade.

A number of reviews emphasize key prognostic factors for
BAI/DEB-BACE efficacy: limited disease burden, centrally
located tumors with rich systemic vascular supply, good
performance status (ECOG 0-1), and the ability to achieve
complete catheterization of feeding arteries. Conversely,
multiple collaterals, peripheral tumor location, and extensive
fibrosis following radiotherapy are associated with less
predictable outcomes [21-23].

Comparative analyses of BAI versus BACE/DEB-BACE
indicate a shift in toxicity profile from systemic to local
manifestations — transient chest pain, subfebrile temperature,
cough, and grade I-II pneumonitis, all typically managed
conservatively. The incidence of serious complications
(bronchial necrosis, spinal cord ischemia, pulmonary infarction)
remains below 1% when superselective techniques and vertebral
artery visualization principles are strictly observed [24,25].

Meta-analyses published between 2023 and 2025 have
consolidated these findings, confirming that DEB-BACE
provides superior local control and reduced systemic toxicity
compared to traditional BAI or BACE regimens, though
conclusive evidence of long-term survival benefit remains
lacking. Authors emphasize the need for multicenter randomized
trials comparing DEB-BACE with contemporary standard-of-
care regimens (chemoradiotherapy + immunotherapy) [26-28].
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Prognostic and Selection Factors.

Analysis of published series and reviews allows identification
of factors associated with higher BAI and DEB-BACE efficacy
in locally advanced NSCLC. These include both patient-related
and tumor- or technique-related characteristics.

Among patient factors, key determinants are general condition,
body mass index, and preserved pulmonary function. Patients
with ECOG performance status 0—1 and adequate lung function
demonstrate higher likelihood of completing the regional
therapy course and undergoing subsequent radical surgery or
radiotherapy [14,15]. Age above 70 years is not an absolute
contraindication but requires individualized assessment of
complication risk.

Tumor factors include primary lesion size, extent of mediastinal
lymph node involvement, tumor location, and degree of
collateral vascularization. Central, hypervascular tumors with
limited collateral supply show higher local response rates and
greater likelihood of conversion to resectable status compared
with peripheral or fibrotic lesions where drug delivery may be
restricted [16,21].

From a technical standpoint, the number of infusions, total
cytostatic dose, microsphere size, and embolization extent
affect efficacy. Several series report that multi-arterial infusion
ensures more homogeneous drug distribution in tumors with rich
collateral networks and improves partial response rates [17,19].
However, no unified standards currently exist, underscoring the
need for procedural standardization.

Despite identification of individual prognostic variables,
no large multifactorial models yet allow formal prediction of
response to BAI/DEB-BACE in stage III NSCLC. Existing data
remain fragmented, and clinical decision-making continues to
rely on an integrative assessment of patient condition, tumor
morphology, and interventional feasibility [23,25].

Safety Profile and Tolerability.

Regional chemotherapy through the bronchial arteries
exhibits a favorable safety profile due to reduced systemic
exposure to cytostatics. Common systemic toxicities — such
as myelosuppression, nausea, vomiting, nephrotoxicity, and
hepatotoxicity — occur less frequently and are usually limited
to grade I-II severity per CTCAE when dosages are properly
adjusted [11,12,15].

Local complications are primarily technical in nature and
include arterial spasm, dissection, thrombosis, and nontarget
embolization. In DEB-BACE, the most frequent local events
are transient chest pain, low-grade fever, cough, and mild
pneumonitis, all managed conservatively. Severe adverse events
(bronchial necrosis, pulmonary infarction, spinal cord ischemia)
are extremely rare (<1% with superselective techniques)
[9,10,24].

Combining BAI or DEB-BACE with modern systemic
therapies, including PD-1 inhibitors and targeted agents,
has not been associated with significant increases in severe
adverse events, provided that patient selection and procedural
protocols are carefully followed [17,18,20]. Recent cohort
analyses suggest the existence of a conditional "therapeutic
safety window," within which regional interventions can be
incorporated into both neoadjuvant and palliative treatment



regimens without substantially increasing toxicity compared
with historical systemic therapy data [11,13,26].

In summary, BAI and DEB-BACE demonstrate a balanced
efficacy-to-tolerability —ratio, supporting their potential
integration into multidisciplinary treatment paradigms for
stage III NSCLC. Nevertheless, large-scale prospective studies
remain essential to validate these observations and establish
standardized procedural and reporting frameworks.

Future directions.

Based on this review, we propose the following specific

recommendations for future research:

1. Control group selection for randomized trials:
Future phase III trials comparing DEB-BACE should
use current standard-of-care systemic therapy as the
comparator: for unresectable stage III NSCLC without
PD-L1 restriction, this is durvalumab after concurrent
chemoradiotherapy (PACIFIC regimen); for patients
ineligible for chemoradiotherapy, the comparator should
be platinum-doublet chemotherapy + pembrolizumab
(KEYNOTE-189/407). For the neoadjuvant setting, the
comparator should be perioperative chemoimmunotherapy
(e.g., nivolumab + chemotherapy as in CheckMate-816).

2. Target patient subgroups most likely to benefit: Based
on available data, ideal candidates for DEB-BACE appear
to be patients with:

- Central, hypervascular tumors (rich systemic collateral

supply on CT angiography).

-Limited tumor burden (solitary or <3 lesions, maximum
diameter <7 cm).

- Good performance status (ECOG 0-1) and preserved
pulmonary function (FEV1 >1.5 L or >50% predicted).

- Refractory hemoptysis not controlled by standard measures.

- Progressive disease after standard systemic therapy (salvage

setting).
- Absence of actionable driver mutations (EGFR, ALK,
ROS1) for which targeted therapy is preferred.

3. Procedural standardization: Future studies should adopt
uniform reporting criteria for DEB-BACE, including:
microsphere type and size, drug loading dose, degree of
superselectivity (e.g., segmental vs subsegmental), number
of treated feeding arteries, and post-procedural imaging
schedule (e.g., CT at 4-6 weeks followed by RECIST 1.1
assessment).

4. Combination with immunotherapy: Given the promising
signals from the Xu et al. (2023) cohort [17], randomized
trials of DEB-BACE plus PD-1/PD-L1 inhibitors
versus PD-1/PD-L1 inhibitors alone are warranted, with
correlative studies to assess changes in tumor immune
microenvironment (e.g., CD8+ T-cell infiltration, PD-L1
expression post-procedure).

5. Registry and biomarkers: International multicenter
registries should be established to collect prospective data
on patient selection, technical parameters, and long-term
outcomes. Biomarkers (e.g., circulating tumor DNA, tumor
mutational burden) should be explored to predict response
to DEB-BACE.
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Conclusion.

Regional delivery of cytotoxic agents through the bronchial
arteries and its modern modifications- BACE and DEB-BACE
— represent a biologically and technically sound approach
to improving locoregional control in patients with locally
advanced non-small cell lung cancer (NSCLC). These methods
enable the achievement of high intratumoral concentrations of
cytostatics with relatively low systemic exposure, resulting in
pronounced local cytotoxic effects, the potential conversion of
initially unresectable stage III disease to operable status, and an
overall favorable tolerability profile [1-3,5,6,11,15,17].

Specific clinical niches for the use of BAI and DEB-BACE
include centrally located tumors with mediastinal involvement,
atelectasis, hemoptysis, and patients with limited tolerance to
standard systemic therapy. In such cases, regional approaches
may serve as either an alternative or an adjunct to standard
treatment regimens [12,14,16,20].

However, the absence of large randomized comparative trials,
standardized procedural protocols, and clearly defined patient
selection criteria currently precludes the recommendation
of BAI/DEB-BACE as a mandatory component of stage III
NSCLC management in international clinical guidelines. Future
well-designed randomized trials with appropriate control arms
(chemoradiotherapy + immunotherapy) and standardized
technical protocols are urgently needed to define the definitive
role of DEB-BACE in the multimodal management of stage II1
NSCLC.

Future research directions include the standardization
of technical procedures, integration into neoadjuvant and
perioperative  multidisciplinary ~ regimens, investigation
of combinations with immunotherapy, and exploration of
the effects of regional interventions on the tumor immune
microenvironment [18,25,28].

In conclusion, BAI and DEB-BACE remain promising
strategies for individualized management of locally advanced
NSCLC, warranting further high-quality clinical trials to define
optimal protocols and confirm long-term efficacy.
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