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ABSTRACT

BACKGROUND: During radiation therapy for breast cancer, healthy tissues are damaged, leading to both systemic and local
reactions, including radiation dermatitis with such symptoms as erythema, dryness, peeling, and pain. Disturbances of the
microcirculation lead to hypoxia and fibrosis. The use of low-temperature argon plasma is a promising method for preventing
acute radiation-induced skin damage, which is crucial for maintaining quality of life, preventing complications, and minimizing
long-term effects.

AIM: To evaluate the effectiveness of low-temperature argon plasma used in the complex medical rehabilitation of patients
undergoing external radiation therapy for breast cancer.

MATERIALS AND METHODS: A prospective, randomized interventional study was conducted involving 60 breast cancer
patients undergoing radiation therapy. All patients received a course of medical rehabilitation, including general magnetic
therapy, exercise therapy, balance response training on a biofeedback simulator, nutritional support, and sessions with a
medical psychologist. In the main group (n = 30), rehabilitation included low-temperature argon plasma treatment. Outcomes
were assessed using the RTOG scale for acute complications of radiation therapy and laser Doppler flowmetry.

RESULTS: After completing radiation therapy and complex medical rehabilitation, statistically significant differences were
observed between the main group and the comparison group (which did not receive low-temperature argon plasma treatment)
in the severity of radiation reactions on the RTOG scale (p = 0.016) and in peripheral blood flow parameters.

CONCLUSION: Low-temperature argon plasma supports nutritional blood flow and active mechanisms for microcirculatory
regulation, preserving skin blood supply and preventing severe acute radiation dermatitis.
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Pe3ynbTatbl NnpUMeHeHUs HU3KOTeMnepaTypHOM
aproHoBoM nnasmbl B peabunuTaumMm NaumMeHToK
Ha 3Tane Jly4yeBOM Tepanuu paKa MOJIOYHOM Kene3bl

B.0. Ko3blpeBa

Poccuiickas MeanuMHCKan akagemus HenpepbIiBHOro I'IpOCIJECCVIOHaJ'IbHDFO 06pa30BaHMﬂ, Mockga, Poccus

AHHOTALMA

O6ocHoBaHue. Bo BpeMs NyyeBoii Tepanuu paKka MOJIOYHOW XeNe3bl NOBPEXATCA 3[40POBLIE TKaHM, Bbi3blBas 00LLMe
¥ MECTHble peaKuuu, BKIKOYas PagMoaepMaTuTbl C CUMITOMaMK 3pUTEMBI, CYXOCTH, LuenyLieHns u 6onn. HapyweHus B Mu-
KPOLMPKYNSTOPHOM 3BeHe BefyT K rMnoKcun u ¢ubposy. lNpuMeHeHne aproHoBoi HU3KOTEMMepaTypHOi MNasMbl ABNISETCA
MepCrneKTUBHBIM METOAOM ANs NPOMUIAKTUKM OCTPbIX JTyYeBbIX MOBPEXAEHUA KOXM, YTO BaXHO ANA NOLAEPMKaHus Kaue-
CTBA JKM3HW, NPEAO0TBPALLEHUS OCIIOXHEHUI M MUHUMM3ALMW A0NTOCPOYHBIX MOCNEACTBUNA.

Llenb uccnepoBaHua — oLeHUTL 3PPEKTUBHOCTb NPUMEHEHUS HU3KOTEMMEPATYPHOI aproHOBOI NNa3Mbl B KOMMIEKCHOM
MeIMLMHCKOM peabunmTaumm naumMeHTOoK Ha atane AUCTAHLMOHHOM Jy4eBoii Tepanun paKa MOJIOHHO Xenesbl.

Matepuanbl u Metopabl. [poBeseHO MHTEPBEHLMOHHOE MPOCMEKTUBHOE PaHLOMU3MPOBAHHOE WUCCNELOBaHUE C Y4acTMEM
60 naumeHTOK co 3N10Ka4eCTBEHHLIMM HOBOODOPa30BaHMSAMM MOJIOYHOM Xene3bl, MPOXOAALLMX Sy4eBylo Tepanuio. Bce naumeH-
Thl NOTYYaM KypC MeAMLIMHCKONM peabunutaumm: obLUyo MarHuToTepanmio, neyebHyto hu3KynbTypy, TPEHUPOBKM NO OMOPHOM
peakumMu Ha TpeHaxepe ¢ buonornyeckoi 0bpaTHOW CBA3bH), HYTPUTMBHYKO NOAAEPIKKY M 3aHATUSA C MEAMLIMHCKUM MCUXO-
noroM. Y naumeHToB 0CHOBHOW rpynnbl (1=30) B Kypc peabunutaummn Obinn BKIKOYEHB! NPOLEAYPLl BO3AEACTBUS HU3KOTEM-
nepaTypHOii aproHoBoW nnasmbl. MoyyeHHble pe3ynbTathl OLEHWUBANUCH C MOMOLLBIO LUKAfbl OCTPbIX OCNOKHEHWIA JTy4eBOM
Tepanuu RTOG 1 niasepHoi AonnaepoBcKon hnoyMeTpum.

Pesynbtatbl. [locne Kypca SiyyeBoW Tepanuu W KOMMIEKCHOW MEAMLMHCKOW peabunutaumu Mexay OCHOBHOW Tpynnom
W TPYNnoii cpaBHEHUS, B KOTOPOI Y4YaCTHUKM He MONyyany NpoLesyp HU3KOTEMMNepaTypHOW aproHoBOM NasMmbl, 3adUKCcK-
POBaHbl CTATUCTMYECKU 3HAYMMble Pa3NiNuMA B BbIPAXEHHOCTH Ny4eBbIX peakuuii no wkane RTOG (p=0,016), a Takxe B no-
Kasatensx nepudepuyeckoro KpoBoTOKa.

3akntouenue. HusKoTeMnepaTypHas aproHoBas nnasMa cnocobCeTByeT nojAepKaH1io HyTPUTUBHOMO KPOBOTOKA M aKTUBHBIX
MEXaHU3MOB PerynsuuvM MUKpOLMPKYNALMK, YTo obecneunsaeT coxpaHeHne TPOMUKM KOXKHBIX MOKPOBOB M NPOQUIAKTUKY
Pa3BUTUS TSHENbIX OCTPbIX PaAMOAEPMaTUTOB.

KnioueBble cnoBa: MeauuUMHCKas peaﬁmnmauma; HU3KOTEMNepaTypHaa nnasMma; pak MOJIOYHOM Kene3bl; Jiy4yeBad
Tepanusa.
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BACKGROUND

Radiation therapy is an essential component of breast
cancer treatment. However, in addition to targeting malig-
nant cells, it inevitably affects healthy tissues, leading to both
systemic and local adverse effects [1, 2]. Radiodermatitis is
the most common side effect of radiation therapy, typical-
ly presenting with erythema, dryness, peeling, and in some
cases, severe pain. These manifestations can significantly re-
duce patients’ quality of life and limit their daily activities [3].
Without proper prevention and timely management, radia-
tion-induced skin reactions may progress to more serious
complications, such as secondary infections due to disrupted
skin integrity. This can result in interruptions in the radiation
therapy course, ultimately compromising treatment effica-
cy [4]. Damage to the capillary network in healthy tissues and
the release of inflammatory mediators trigger local inflam-
matory responses, exacerbate hypoxia, and subsequently ini-
tiate sclerotic processes that may lead to fibrosis of the sur-
rounding structures [5, 6]. Timely and effective management
of radiodermatitis is therefore critical for improving patients'
quality of life and preventing delayed adverse effects.

One promising method for reducing the incidence and
severity of acute radiodermatitis is low-temperature plas-
ma [7], a partially ionized gas that contains reactive oxygen
and nitrogen species in a gaseous state [8]. The safety and
efficacy of plasma flows in various clinical applications, in-
cluding oncology, are the basis for studies of its potential
role in the prevention and treatment of radiation-induced skin
injury [7, 91.

Thus, effective management of radiodermatitis during
radiation therapy for breast cancer is essential to maintain
patients' quality of life, prevent complications, ensure adher-
ence to therapy, and reduce long-term sequelae [10].

This study aimed to evaluate the effectiveness of
low-temperature argon plasma used in the complex medical
rehabilitation of patients undergoing external radiation ther-
apy for breast cancer.

METHODS

Study Design

It was a prospective, randomized, interventional study
involving 60 female patients undergoing external radiation
therapy for breast cancer.

Eligibility Criteria

Inclusion criteria: Women aged 35-75 years with stage
1A, 11B, or IlIA breast cancer (ICD-10 codes C50.0-C50.9,
malignant neoplasm of breast); history of polychemotherapy;
currently undergoing adjuvant radiation therapy; and writ-
ten informed consent to participate in the study, including
consent to receive (or not receive) low-temperature argon
plasma therapy as part of medical rehabilitation.
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Exclusion criteria: Severe motor or coordination impair-
ments, cognitive disorders, decompensated comorbidities,
unexplained fever, type 1 or 2 diabetes mellitus, or refusal
to participate in the study.

Withdrawal criteria: Participant's decision to withdraw,
intolerance to physical therapy modalities, or non-adherence
to treatment protocols and scheduled visits.

Study Setting

The study was conducted at the clinic of the Federal State
Budgetary Educational Institution for Continuing Profession-
al Education Russian Medical Academy of Continuing Pro-
fessional Education of the Ministry of Health of the Russian
Federation (Prof. Yu.N. Kasatkin Clinic) from September 2022
to September 2024.

Intervention

Participants were randomly assigned (simple randomiza-
tion) into two equal groups: main group (n=30) and reference
group (n=30).

All participants received a standard rehabilitation pro-
gram consisting of: therapeutic physical exercises (5 times/
week), balance platform training with biofeedback (5 times/
week), psychological counseling (3 times/week), nutritional
support with a detox protein drink (200 mL, twice daily), gen-
eral magnetotherapy (10 sessions, 5 times/week).

In addition, the main group received 10 sessions of
low-temperature argon plasma therapy using the Plas-
ma 200 device (ZAO Rudnev-Shilyaev, Moscow; Marketing
Authorization No. RZN 2019/8192, dated March 11, 2019).
Plasma was applied using a scanning technique over the
postoperative scar and irradiated area at a 2-5 mm distance
from the skin for 3 minutes, 5 times per week.

Main Study Outcome

The primary outcome was the effect of cold argon plas-
ma on the severity of radiation-induced skin reactions during
adjuvant radiation therapy, assessed by surrogate endpoints:
severity of radiodermatitis and microcirculation parameters.

Subgroup Analysis

Participants were randomly assigned into two equal
groups that were comparable in terms of age, tumor loca-
tion, disease stage and histological type, prior treatment, and
planned radiation therapy protocol.

Outcomes Registration

Participant evaluations were conducted on days 1-2 of
admission for external radiation therapy (prior to the start of
medical rehabilitation) and after completing the scheduled
treatment. At each visit, patient complaints and physical ex-
aminations were documented, with special attention given
to skin assessment for signs of radiodermatitis using the
Radiation Therapy Oncology Group (RTOG) Acute Radiation
Morbidity Scoring Criteria (1995): Grade 0 = no visible skin
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changes; Grade 1 = follicular, faint or dull erythema, hair
loss, dry desquamation, reduced sweating; Grade 2 = bright
erythema, easy skin trauma, patchy moist desquamation,
moderate edema; Grade 3 = confluent moist desquamation
beyond skin folds, pitting edema; Grade 4 = ulceration, bleed-
ing, or skin necrosis.

Capillary perfusion in irradiated zones was evaluated us-
ing the LAZMA-ST laser Doppler blood microcirculation an-
alyzer (passport ID NABX.941111.011 NC). Laser Doppler
flowmetry measured changes in the microcirculatory-tis-
sue system, including: M (microcirculation index), 6 (mean
blood flow fluctuations), Kv (variability), shunting metrics
(Myutrr Mg S, activity of regulatory components: endo-
thelial (Ae), myogenic (Am), neurogenic (An), cardiac (Ac),
and respiratory (Ar).

Examinations were performed in a room at 24-25°C. Prior
to starting measuremens, at least 2 hours had to pass after
the last radiation session. Patients lay supine and acclimated
for at least 10 minutes before measurement. The laser probe
was placed 2 cm from the surgical scar or irradiated area
(based on the treatment plan). For comparison, a symmetri-
cal site on the non-irradiated side was measured similarly.
Data were processed automatically using dedicated software.

Ethics Approval

All participants were informed about the purpose and ob-
jectives of the study, potential risks and obligations associat-
ed with participation, as well as the duration of the research.
Written informed consent was obtained from all participants
in accordance with the Declaration of Helsinki of the World
Medical Association: Ethical Principles for Medical Research
Involving Human Subjects.

The study protocol was approved by the local Ethics Com-
mittee (Protocol No. 13 dated September 27, 2022) of the
Federal State Budgetary Educational Institution for Continuing
Professional Education Russian Medical Academy of Continu-
ing Professional Education of the Ministry of Health of the
Russian Federation.

Statistical Analysis

Data were tested for normality using the Shapiro-Wilk
test. Quantitative variables with a normal distribution were
described using the arithmetic mean (M), standard deviations
(SD), and 95% confidence intervals (95% Cls). Non-normally
distributed data were described using the median (Me) and
interquartile range (Q1; Q3). Group comparisons for nor-
mally distributed variables with equal variances were per-
formed using the Student's t-test. Non-normally distributed
variables were compared using the Mann-Whitney U test.
Paired t-tests and Wilcoxon signed-rank tests were used
for within-group comparisons of normally and non-normally
distributed data, respectively. Differences were considered
statistically significant at p <0.05. The statistical analysis was
performed using StatTech software, version 4.6.1 (StatTech,
Russia).
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RESULTS

Participants

A total of 60 female patients undergoing adjuvant exter-
nal radiation therapy for stage IIA, IIB, or llIA breast cancer
(C50.0-C50.9, malignant neoplasm of breast) after neoadju-
vant polychemotherapy were included—30 in the main group
and 30 in the reference group. At baseline, no signs of radi-
ation-induced skin reactions were observed in either group
(Grade 0 on the RTOG scale).

Laser Doppler flowmetry data of the postoperative scar
region revealed no significant baseline differences between
the groups (Table 1).

The amplitude-frequency spectrum analysis showed pre-
dominant neurogenic (An), endothelial (Ae), and myogenic
(Am) oscillations in both groups, indicating active regulatory
mechanisms. Shunt (M) and nutritive (M, ;) blood flow,
as well as the shunting index (SI), were comparable between
groups.

Primary Results

Following the scheduled radiation therapy and reha-
bilitation, radiodermatitis was observed in all participants.
However, fewer Grade 2 reactions were noted in the group
treated with low-temperature argon plasma (Table 2).

Statistically significant differences were observed in the
severity of acute radiation-induced skin reactions between
the main and reference groups (p=0.016) using Pearson’s ¥?
test. In the main group, most patients either had no radioder-
matitis or only grade 1, while in the reference group, grade 1
and 2 reactions predominated (Fig. 1).

Following completion of external radiation therapy, all
groups exhibited changes in the microcirculatory system,
including an increase in the mean tissue perfusion index (M)
in the main group to 9.59 perfusion units [8.20; 10.97] and
in the reference group to 8.75 perfusion units [7.35; 11.37]
(p=0.487); a reduction in the standard deviation (6) in the
main group to 0.79 perfusion units [0.65; 0.87] and in the re-
ference group to 0.61 perfusion units [0.44; 0.68] (p <0.001);
and a decrease in the coefficient of variation (Kv) in the main
group to 8.34% [6.99; 9.69] and in the reference group to 8.04%
[6.42; 9.54] (p=0.647). These findings indicate that microcircu-
latory function worsened in all patients following radiothera-
py. However, in the reference group, there was a statistically
significant increase (p <0.001) in shunt blood flow (M., 6.02
[5.25; 6.51]; SI 2.00 [1.60; 2.46]), whereas in the group treat-
ed with low-temperature argon plasma, a statistically signif-
icant increase (p <0.001) in nutritive blood flow was observed
(M, 5.01 [4.23; 5.84]; SI 1.29 [1.08; 1.79]) (Figs. 2-4).

Stagnation in microcirculation was supported by ampli-
tude-frequency analysis, which revealed altered activity in
nearly all regulatory components (Table 3).

The reference group showed signs of passive blood flow
regulation—elevated respiratory (p < 0.001) and cardiac
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Table 1. Comparison of laser Doppler flowmetry indicators of the main group and the comparison group before the start of the course of
medical rehabilitation

Operated side Unaffected side
Parameters p p

Main group Reference group Main group Reference group

M. perfusion units 7.75 7.59 0.734 9.34 9.64 0.929
[6.66; 9.08] [6.25; 9.17] [8.71; 10.37] [7.65; 11.38]

6. perfusion units 0.93 0.89 0.853 1.16 1.00 0.348
[0.79; 1.06] [0.77; 1.06] [0.94; 1.35] [0.91; 1.25]

Kv. % 10.16 10.18 0.836 11.80 10.53 0.478
[7.71; 12.40] [7.31;12.21] [8.82; 13.76] [9.01; 12.51]

Ae. perfusion units 0.27 0.29 0.871 0.32 0.30 0.399
[0.24; 0.34] [0.26; 0.32] [0.28; 0.36] [0.24; 0.37]

An. perfusion units 0.28 0.29 0.807 0.34 0.34 0.888
[0.25; 0.34] [0.25; 0.34] [0.28; 0.38] [0.27; 0.42]

Am. perfusion units 0.26 0.26 0.923 0.33 0.33 0.983
[0.21; 0.35] [0.24; 0.32] [0.25; 0.39] [0.27; 0.39]

Ar. perfusion units 0.18 0.20 0.912 0.18 0.18 0.625
[0.15; 0.23] [0.15; 0.22] [0.14; 0.22] [0.15; 0.23]

Ac. perfusion units 0.26 0.25 0.911 0.26 0.24 0.722
[0.20; 0.30] [0.21; 0.29] [0.21; 0.29] [0.18; 0.30]

M, perfusion units 3.70 3.82 0.982 4.67 4.72 1.000
[3.17; 4.42] [2.99; 5.22] [4.12; 5.66] [3.88; 5.88]

Mg, Perfusion units 3.94 3.78 0.935 4.52 491 0.802
[3.10; 4.71] [2.90; 4.84] [3.79; 5.56] [3.76; 5.71]

Sl. arbitrary units 1.17 1.16 0.842 1.09 1.1 0.756
[0.95; 1.43] [0.98; 1.45] [0.93; 1.23] [0.91; 1.36]

(p < 0.001) rhythms, and reduced myogenic amplitude (Am), Adverse Events

indicating vasoconstriction, decreased M, and increased No adverse events were recorded during the study.
shunting. At the same time, patients in the main group who

received low-temperature argon plasma therapy demon-

strated preserved amplitudes of active regulatory mecha- DISCUSSION

nisms (myogenic and endothelial) and maintained baseline .

amplitudes of respiratory rhythms. No significant intergroup ~ SUmmary of Primary Results

differences were observed in contralateral control region mi- During radiation therapy for breast cancer, patients exhib-
crocirculation. ited RTOG-grade skin changes corroborated by laser Doppler

Table 2. Analysis of the dynamics of the RTOG scale depending on the group

RTOG Scale
Group Parameter Before After p
Number % Number %
Main Grade 0 30 100.0 11 36.7 <0.001
Grade | 0 0.0 15 50.0
Grade Il 0 0.0 4 13.3
Reference Grade 0 30 100.0 2 6.7 <0.001
Grade | 0 0.0 20 66.7
Grade Il 0 0.0 8 26.7
p - 0.016 -

DOL: https.//doi.org/ 10.17816/rjpbré39987
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Fig. 1. Severity of radiation reactions according to the RTOG scale.

flowmetry findings. Typical alterations involved signs of stasis
and hyperemia within the microcirculatory system, accom-
panied by impaired tissue trophism in irradiated areas. The
application of low-temperature argon plasma as part of a
comprehensive rehabilitation program helped sustain active
mechanisms of blood flow regulation and preserved perfusion.

Interpretation

Post-treatment laser Doppler flowmetry revealed notable
shifts in microcirculatory parameters in both study groups.
All participants demonstrated increased local blood flow,
coupled with decreased coefficient of variation and standard
deviation of flow—indicative of diminished transcapillary
exchange efficiency. Concurrently, elevated amplitudes of
cardiac and respiratory rhythms suggested increased arte-
rial inflow with impaired venular drainage, consistent with
mixed venous-arterial hyperemia. The reference group also
exhibited higher shunting, implying that more blood bypassed
nutrient and oxygen exchange, as evidenced by a decrease in
nutritive perfusion in the irradiated region. Together, these
findings indicate reduced tissue oxygenation and nutrient de-
livery, fostering fibroblast activation and subsequent tissue
sclerosis [11]. Conversely, patients receiving low-tempera-
ture plasma therapy maintained baseline nutritive perfusion
and avoided dominance of passive regulatory mechanisms.
These microcirculatory differences align with the statistical-
ly significant differences between the study groups in the
severity of radiation-induced skin reactions, supporting the
study's hypothesis regarding the efficacy of low-tempera-
ture plasma in preventing severe radiodermatitis [12]. The
multimodal action of low-temperature plasma has already
proven valuable in purulent surgery, dermatology, dentistry,
and other areas, including oncology [13, 14]. Plasma flows

DOL: https.//doi.org/ 10.17816/rjpbré39987
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Table 3. Analysis of the dynamics of the amplitude of blood flow oscillations depending on the group

Parameter Group p
Main Reference
Ae, perfusion units 0.29 [0.26; 0.32] 0.21 [0.16; 0.26] <0.001
An, perfusion units 0.24[0.21; 0.29] 0.22 [0.19; 0.25] 0.060
Am, perfusion units 0.22 [0.16; 0.27] 0.12 [0.09; 0.15] <0.001
Ar, perfusion units 0.20 [0.18; 0.24] 0.21[0.18; 0.27] 0.083
Ac, perfusion units 0.23[0.19; 0.28] 0.24[0.21; 0.28] 0.328
Contribution* e, Ae/a 0.37 [0.31; 0.45] 0.35 [0.26; 0.48] 0.584
Contribution* n, An/g 0.32 [0.27; 0.40] 0.39 [0.28; 0.49] 0.088
Contribution* m, Am/g 0.27 [0.22; 0.38] 0.21[0.17; 0.25] 0.017*
Contribution* r, Ar/o 0.27 [0.20; 0.33] 0.37 [0.29; 0.58] <0.001
Contribution* ¢, Ac/a 0.31[0.22; 0.38] 0.42 [0.29; 0.56] 0.002

Note. * Contribution of endothelial (e), neurogenic (n), myogenic (m), respiratory (r), and cardiac (c) rhythms to blood flow regulation.

hold promise for medical rehabilitation, including the treat-
ment of radiation-induced skin reactions [15, 16].

CONCLUSION

The rapid advancement of radiation therapy techniques
has enhanced treatment capabilities, yet radiation-induced
skin reactions remain a persistent challenge. These adverse
effects can lead to infectious complications, fibrosis, pigmen-
tation, and a decline in patients' quality of life. Low-tem-
perature argon plasma contributed to the preservation of
skin trophism in irradiated areas and reduced the severity of
cutaneous radiation reactions, suggesting its potential as an
effective prophylactic measure.
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