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ABSTRACT

Purpose of the study. To perform a preliminary assessment of local control after two-stage staged radiosurgery in patients
with metastatic brain lesions.

Patients and methods. For staged radiosurgery, large lesions measuring = 3 cm in the largest dimension were selected. The
regimen consisted of delivering 12 Gy in a single fraction at the first stage and 14 Gy in a single fraction at the second stage,
with a 14-day interval between the stages. If additional smaller lesions were present, they were irradiated simultaneously using
the standard SRS technique in a single fraction with a dose per fraction (DPF) of 18—24 Gy. The prospective analysis included
32 patients of both sexes aged 34 to 76 years (mean age 57 + 3.3 years) with brain metastatic lesions = 3 cm in the largest
dimension, or located in close proximity to critical brain structures, who underwent a two-stage course of staged radiosurgery
at the National Medical Research Centre for Oncology.

Results. The evaluation of target lesion volumes was based on brain MRI performed before treatment, prior to the second
stage, and one month after completion of treatment. At the one-month follow-up after the treatment course, local control
was achieved in the vast majority of clinical cases. Sixteen lesions demonstrated a volume reduction of more than 70 % from
baseline, eleven showed a reduction of more than 50 %, eight lesions exhibited a decrease of less than 50 %, and one lesion
demonstrated a negative response.

Conclusion. Two-stage staged radiosurgery for brain metastases demonstrated satisfactory local control in patients with various
primary tumor sites. The positive dynamics observed at this stage suggest the potential for favorable long-term outcomes.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUT'MHAJIbHASl CTATbA

MpeaBapuTenbHbIe pesynbTathi paauoTepaniuv MeTacTa3oB ro10BHOTO M03ra MeTOAMKON
J\BYX3TaMHOI CTAXMPOBAHHOM PaZnOXMpypruu

M. H. Nlechoii®™, . I. Caky, B. U. Bowepgcknii, J1. fl. Po3senko, C. I. Bnacoe, 3. M. KazbmeHKoBa, A. A. ba6acuHoe

®IbY «HaunoHanbHbI MeLULMHCKUIA UccnefoBaTenbCKuil LIEHTp oHKonoruu» MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoit ®egepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
B4 mx.lesnoy@gmail.com

PE3IOME

Lienb uccneposanus. lNpesaputenbHas oLeHKa JTI0KaIbHOrO KOHTPOJIS NOC/e ABYX3TAMHON CTaXXMPOBaHHOW PaanoXvpyprim
naumeHToB C MeTacTaTUYECKUMM NMOPaXXeHUSAMM FOIOBHOIO MO3ra.

MaymeHTbl M MeToAbI. [1711 061y4EeHUSI METOAMKOW CTaXXMPOBaHHOW paanoOXMpYpriv BblGUpanuch KpynHble oyaru pasamMepom
> 3 cM B HaubonblieM nsmepeHun. Metoguka npeacraBnsina u3 cebst nogseaeHue aosbl 12 p 3a 1 hpakuyuo Ha Nepsom
atane u 14 'p 3a 1 dppakuuto Ha BTOpom aTane. lNepepbiB Mexay aTanamu coctaBnsn 14 gHew. [Npun HanuumMm gpyrvx o4aros
MEeHbLLEro pasmepa, ux 065y4eHne Npon3BoOANIIOCH OAHOBPEMEHHO Mo cTaHAApTHoM MeToauke SRS 3a 1 ¢dpakuuto ¢ PO
18-24 I'p. B npoCneKTUBHbIA aHanu3 6b1an BKIOYEHbI 32 nayMeHTa 060Mx NosioB B Bo3pacTe oT 34 Ao 76 neT, cpefHuit
Bo3pacT 57 + 3,3 roga, ¢ MeTacTaTMY4eCKMMM oYaramu B roloBHOM MO3re pasMepoM = 3 CM B HambosblueM U3MeEPeHUH,
IM60 NX 6/IM3KOM PaCMONOXKEHUN K KPUTUYECKUM CTPYKTYPaM FOSIOBHOMO MO3ra, NMoslyuymBLUNE KYPC SIEYEHNS [BYX3TaMHON
CTa)XXVpOBaHHOW paguoxupypruei Ha 6ase GIBY «HaluMoHanbHbI MeAULIMHCKUIA UCCNeaoBaTENbCKUIA LIEHTP OHKONOMUm»
MuHucTepcTBa 3apaBooxpaHeHns Poccuiickon epepauum.

PesynbraTbl. OLeHKa 06beMa LieNeBbIX 04aroB NPOM3BOAMIACH Ha OCHOBaHUM MarHUTHO-Pe30HaHCHoM ToMorpaduu (MPT)
nccnefoBaHNs roloBHOMO MO3ra, MPOBOAMMONO MaLMEHTY [0 Havasna JieueHns, nepes BTOPbIM 3TarnoM 1 Yepes MecsL, nocne
npoBefeHHOro neyeHust. Mpu oueHke Yepes MecsL, nocsie NPOMAEHHOrO Kypca fieyeHns B NoAaBnsowem 60MblUMHCTBE
KJIMHUYECKMUX CUTYaLIMI 6blfl LOCTUTHYT JIOKanbHbI KOHTPOsb. B 16 oyarax 6b1710 4OCTUIHYTO YMeHbLUEHME 06beMa 6ornee
yeM Ha 70 % oT usHavanoHoro, B 11 — 6onee yem Ha 50 %, 8 noka3anu ymeHblueHe MeHee YeM Ha 50 % 1 B OAHOM ouare
Mbl 3aMKCUpPOBanNu oTpuLUaTeNbHbIN OTBET.

3akntoyeHue. [1ByxaTanHas CTaXupoBaHHasi paguoXMpyprus MeTacTasoB rosloBHOMO MO3ra rnokasarna yAoB/leTBOpUTeb-
Hble pe3yfibTaTbl IOKaJIbHOr0 KOHTPOA NauMeHTOB C Pa3/IMyYHbIMU NEPBUYHBIMU STOKaNN3aUMaMn 3/10Ka4eCTBEHHbIX
3aboneBaHuit. MonoxutenbHasi AUHaAMUKa, KOTOPYHO Mbl 3aPUKCUPOBanNU Ha faHHbIA MOMEHT, MO3BOJIIET paccynUTbiBaTb
Ha 6naronpuaTHble pe3ynbTaTbl B AanbHelLIeh NepcrekTuBe.

KntouyeBble cnioBa: MeTacTaTUYeCKoe NopaXKeHWe royloBHOO MO3ra, yyeBas Tepanusi, CTepeoTakcuyeckas pafmoxvpyp-
rusl, CTaXXMpOBaHHas paAnoxXMpyprus
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BACKGROUND

Brain metastases are the most common intra-
cranial neoplasms in adults. Secondary brain le-
sions most frequently occur in lung cancer (40 %
of cases), breast cancer (20—-30 %), and melano-
ma (5-15 %). Other malignant tumors metastasize
to the brain less often. The problem is becoming
increasingly relevant, as lung and breast cancers
occupy leading positions in the structure of onco-
logical morbidity [1].

Without specialized treatment, the median sur-
vival of patients with established brain metasta-
ses (BM) is 2—3 months, while adequate therapy
can increase it to 8—12 months [2—-3]. Therefore,
the search for new approaches to the treatment
of BM remains an important task in modern on-
cology and neurosurgery.

Due to the characteristics of the blood-brain
barrier, systemic drug therapy is of limited effec-
tiveness; thus, local treatment modalities play
a leading role in the management of brain metas-
tases. Surgical intervention is often impractical
in cases with certain metastatic sites, multiple
lesions, or tumors located in functionally critical
areas of the brain [4].

With advances in technology, it has become
possible to deliver high doses of ionizing radiation
to the pathological focus while minimizing expo-
sure to surrounding tissues. The technique of de-
livering the maximum permissible total focal dose
(TFD) to the target in a single fraction is known
as stereotactic radiosurgery (SRS). The term was
first introduced by Lars Leksell in the mid-20th
century, and for a long time, the method was lim-
ited to intracranial pathologies and considered an
alternative to surgery for vascular malformations
and brain tumors [5].

SRS demonstrates high efficacy however, de-
livering large doses in a single fraction can be
associated with certain risks. Special challenges
arise when irradiating large brain lesions (> 3 cm
in maximum dimension), lesions with extensive
peritumoral edema, or those located near critical
structures. Therefore, modern clinical guidelines
recommend the use of various hypofractionated
stereotactic radiotherapy regimens. This approach
involves delivering a comparable total focal dose
over 3-5 fractions, which allows for a gentler

impact on surrounding structures. However, it is
known that increasing the number of fractions
may reduce treatment efficacy, making this issue
highly relevant in current radiation oncology [6].

To address this problem, stereotactic radiosur-
gery techniques are being refined. In particular, it
has been proposed to deliver high single doses
of radiation at specific intervals. Typically, the
breaks between treatment stages range from 2 to
4 weeks, depending on the number of stages and
the dose delivered at each. Literature reports de-
scribe the use of two- or three-stage approaches,
with variations in the single focal dose (SFD) from
10 to 15 Gy and intervals between sessions from
14 to 30 days [7].

Given the novelty of this technique and the vari-
able nature of brain metastases, the optimal algo-
rithm for staged radiosurgery remains undefined;
therefore, research in this field remains relevant
and in demand in clinical practice.

Purpose of the study: to conduct a preliminary
assessment of the primary treatment effect after
two-stage staged radiosurgery in patients with
metastatic brain lesions.

PATIENTS AND METHODS

An analysis was performed on the treatment
outcomes of 56 patients with brain metastases
selected for the study. Eligible lesions were ei-
ther = 3 cm in maximum diameter or smaller but
located in close proximity to critical brain struc-
tures (optic chiasm, optic pathways, brainstem,
etc.). Patients were divided into two groups.
The main group was prospectively recruited
and consisted of 32 patients who underwent
two-stage staged radiosurgery of the target
metastatic lesions. The control group includ-
ed 24 patients whose treatment efficacy was
retrospectively evaluated; in accordance with
clinical guidelines, they had received radiothera-
py using the standard stereotactic radiotherapy
technique in a hypofractionated regimen with
a total focal dose of 24 Gy in 3 fractions (8 Gy
per fraction for 3 consecutive days) [10]. Treat-
ment and follow-up were carried out from July
2023 to December 2024 at the Radiotherapy
Department No. 2, National Medical Research
Centre for Oncology.
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The mean age of patients at treatment initia-
tion was 57 * 3.3 years (range 34-76 years, 95 %
Cl = 6.7). According to the localization of the pri-
mary tumor, the groups were divided into three
subgroups. In the main group: brain metastases
from breast cancer — 18 patients (56.25 %), from
lung cancer - 8 patients (26.8 %), from melano-
ma — 6 patients (18.75 %). In the control group:
brain metastases from breast cancer — 13 patients
(54.17 %), from lung cancer — 7 patients (29.17 %),
from melanoma - 4 patients (16.67 %). In the main
group, 13 patients had solitary brain lesions, 6 pa-
tients had oligometastatic disease, and 10 patients
had multiple brain metastases. Similarly, in the con-
trol group: 10 patients had solitary lesions, 8 pa-
tients had oligometastatic disease, and 9 patients
had multiple brain metastases.

At the time of hospitalization, all patients
showed no extracranial progression of the prima-
ry disease, had a Karnofsky Performance Status
score above 70 %, and had no acute or decompen-
sated chronic or infectious diseases, as confirmed
diagnostically.

All patients included in the study underwent
brain MRI prior to each treatment stage and one
month after treatment completion. Before each
radiotherapy stage, preliminary topometric prepa-
ration was carried out, including fabrication of an
individual three-layer thermoplastic immobilization
mask for stereotactic radiotherapy, placement of
radiopaque markers, and determination of the is-
ocenter using an LAP Laser navigation system.
Topometric computed tomography (CT) was per-
formed using a Siemens Somatom scanner, with an
effective dose per examination of 3.7 mSv. Prelim-
inary topometric data were processed on a Singo
Via virtual simulation workstation.

Treatment plans were created and calculated
using the Elements and Aria systems (Varian, USA).
Three-dimensional reconstructions of the target
lesions were generated, and their volumes were
measured on each follow-up MRI. Patient-specific
quality assurance of the treatment plan was per-
formed using the SRS MapCheck array, SunNuclear
(USA). The detector positioning and resolution of
this array are designed specifically for verification
of SRS/SBRT plans, ensuring high-dose measure-
ment accuracy under conditions involving small
fields and non-coplanar arcs.

38

Irradiation was delivered using a Novalis Tx lin-
ear accelerator (Varian, USA). Dose delivery was
performed with conformal arcs. Patient positioning
was verified using the ExacTrac stereotactic posi-
tioning system (BrainLab, Germany).

Staged Radiosurgery Technique

For staged radiosurgery, large lesions measuring
> 3 cm in their greatest dimension were select-
ed for treatment. The gross tumor volume (GTV)
and clinical target volume (CTV) were defined as
the volume of the target lesion visualized on brain
MRI as pathological tissue with contrast enhance-
ment. During topometric preparation, a three-layer
thermoplastic immobilization mask was used. The
planning target volume (PTV) was created by add-
ing a 1 mm margin to the GTV.

The treatment protocol consisted of delivering
12 Gy in a single fraction during the first stage
and 14 Gy in a single fraction during the second
stage, with a 14-day interval between stages.
In the presence of other, smaller lesions, these
were irradiated simultaneously according to the
standard SRS protocol in a single fraction with
a dose of 18-24 Gy [10].

The volume of target lesions was assessed
based on brain MRI performed before treatment
initiation, before the second stage, and one month
after completion of treatment.

Statistical Analysis

Statistical analysis was performed using the
Statistica 12.0 software package on a personal
computer. Student’s t-test was used, with dif-
ferences considered statistically significant at
a probability of error-free prediction of at least
95 % (p < 0.05). As part of the follow-up, the cur-
rent volume of metastatic lesions and the patient’s
clinical status were evaluated.

STUDY RESULTS

Brain MRI follow-up was successfully per-
formed for all patients in the study group. Monitor-
ing data on changes in the local volume of lesions
at all stages of follow-up are presented in Table 1.

The mean lesion volume at baseline was
10.8 + 1.8 cm? in the main groupand 11.6 £ 2.0 cm?
in the control group. Lesion volumes were also as-
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sessed according to the primary tumor site. In the
main group, the mean volume of brain metastases
was 14.2 + 2.6 cm? for lung cancer, 11.1 £ 2.5 cm®
for breast cancer, and 10.2 + 2.6 cm? for melano-
ma. In the control group, the corresponding mean
volumes were 11.6 £ 2.0 cm?, 9.5 + 2.7 cm?, and
8.1 £ 2.4 cm?, respectively. Thus, prior to treatment,
the sizes of metastatic lesions in both groups were
comparable.

In the main group, evaluation was performed
14 days after the first stage of treatment using
follow-up brain MRI. The mean volumes of the
lesions included in the study were 9.1 + 2.0 cm?
for lung cancer metastases, 5.4 £+ 1.9 cm? for
breast cancer metastases, and 9.1 + 2.6 cm? for
melanoma metastases. Despite the fact that only
a partial radiation dose had been delivered by this
stage, a statistically significant reduction in met-
astatic lesion size was already observed com-
pared with baseline. The mean lesion volume at
the time of assessment before the second stage
was 6.7 £ 1.4 cm?® (p = 0.05), corresponding to
a 38 % reduction.

The third MRI assessment was performed one
month after completion of treatment for both

patient groups. The mean lesion volume in the
main group was 4.3 = 0.6 cm? (p = 0.05), com-
pared with 6.27 + 1.4 cm? in the control group.
Relative to baseline, this represented a 60.1 % and
35.4 % reduction, respectively. Notably, the best
response to radiotherapy was observed in meta-
static lesions from disseminated breast cancer.
In the main group, the mean baseline volume was
11.1 £ 2.5 cm?, and one month after completion
of the two-stage treatment it had decreased sig-
nificantly to 2.1 £ 0.6 cm? (p < 0.05), representing
a more than fivefold reduction (77.5 %). In the
control group, the mean baseline volume was
9.5 + 2.7 cm?, and one month after radiotherapy
it decreased to 5.2 + 0.7 cm? (a 45.3 % reduction),
which was not statistically significant.

An example of lesion volume reduction in a pa-
tient who underwent staged radiosurgery is pre-
sented in Figure 1.

In the subgroup of patients with metastatic
lung cancer, one month after treatment we re-
corded a statistically significant decrease in le-
sion volume to 4 £ 1.1 cm? (p < 0.05) in the main
group (a 77 % reduction from baseline) and to
7.3 £ 0.9 cm? in the control group (a 37.7 % reduc-

Table 1. Mean volume of metastatic lesions in patients at three stages of treatment, taking into account morphological type

Number of patients

Lesion volume before
treatment (cm?3)

Lesion
volume Lesion volume one month
before the 3
after treatment (cm?)
second

T stage (cm?)

Main group %Orghrsl Main group %orggsl Main group Main group %?SHSI
Lung cancer 8 7 142+26 11.6 £2.0 9.1+20 4+£1.1% 7.3+0.9
E;?]iztr 18 13 11.1 £2.5% 9.5+27 54+1.9* 2.1+0.6% 52+0.7
Melanoma 6 4 10.2+2.6 8.1+24 9.1+2.6 7.0+£1.1 6.3+1.2
Total 32 24 10.8 +1.8* 9.7+2.1 6.7 +1.4% 4.3 +0.6* 6.27+1.4

Note: * — Statistically significant reduction compared with baseline volume (p = 0.05). The "t n" value indicates the standard error of the mean (SEM)
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tion from baseline). Hypofractionated irradiation
in the control group did not result in a statistically
significant difference.

The smallest reduction in mean lesion volume
was observed in the subgroup of patients with
melanoma metastases: from 10.2 + 2.6 cm? at
baseline to 6.3 + 1.2 cm® on MRI one month after
treatment.

In addition to the evident clinical changes in
lesion volume, we were also able to assess the
reduction of peritumoral edema observed in some
patients. Pronounced peritumoral edema was not-
ed in 12 cases in the main group and 9 cases in
the control group. Edema volume was assessed
separately from the volume of the target lesion.
The mean peritumoral edema volume before
treatment was 7.53 + 1.2 cm? in the main group
and 5.6 £ 0.7 cm? in the control group. At the as-
sessment before the second treatment stage,
the mean peritumoral edema volume in the main
group was 5.3 = 0.6 cm?, representing a 30 % re-
duction from baseline. One month after treatment,
peritumoral edema was no longer detectable on
imaging in 3 patients from the main group. In
the remaining 9 patients, the mean edema vol-
ume was 3.47 = 0.5 cm? (p = 0.05). In the control
group, peritumoral edema was not detectable in
1 patient at the one-month follow-up. In the re-
maining 8 patients, the mean edema volume was

3.55+ 0.7 cm?, corresponding to a 33 % reduction.
Given the relatively small patient sample, we can-
not draw definitive conclusions regarding the sta-
tistically significant impact of staged radiosurgery
on peritumoral edema reduction. However, the fact
that measurable edema reduction was observed
as early as 14 days after the first treatment stage
comparable to the results in the control group
at one month suggests that this approach may
represent a promising direction for further, larger-
scale research.

DISCUSSION

It is well known that in the treatment of brain
metastases (BM), a particular challenge is posed
by large metastatic brain lesions (> 3 cm in their
greatest dimension) or even smaller lesions locat-
ed in close proximity to functionally critical areas
of the brain (eyes, lenses, optic nerves, chiasm,
optic tracts, brainstem, hippocampus) [11]. It has
been established that the maximum radical dose
for lesions up to 2 cm in diameter, located away
from critical structures, is approximately 24 Gy.
As the lesion volume increases, the volume of
uninvolved brain tissue affected by the irradiation
grows proportionally. Accordingly, the maximum
permissible dose decreases. For lesions larger
than 3 cm, the highest safe dose is around 15 Gy.

Fig. 1. Volumetric contours of a metastatic lesion in a patient with disseminated breast cancer: A) before the initiation of

radiotherapy; B) one month after completion of radiotherapy
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A radical reduction in the total lesion dose inevi-
tably leads to reduced treatment efficacy and an
increased risk of intracranial progression [12].

For such large lesions, hypofractionated ra-
diotherapy can be employed. Clinical guidelines
describe a regimen of 8 Gy per fraction over
three fractions, thereby delivering a total dose of
24 Gy [10]. Although the final total dose remains
the same as in classical radiosurgery, some evi-
dence suggests that fractionation reduces tumor-
icidal efficacy. Nevertheless, this regimen remains
sufficiently intensive, delivering a high total dose
over a relatively short period, and therefore retains
the risk of complications associated with peritu-
moral edema and involvement of nearby critical
structures [13].

In search of a solution to this problem, ongo-
ing work has been devoted to the development of
staged stereotactic radiosurgery (stSRS), in which
an equivalent radical dose for large brain metas-
tases is delivered in multiple stages with intervals
of 2—4 weeks.

Higuchi Y, et al. (2009) conducted a prospective
study including 43 patients with large BM volumes
(> 10 cm?, range 10-35.5 cm?). The treatment
scheme consisted of 10 Gy per fraction in a radio-
surgical mode, followed by a 14-day break, repeat-
ed twice for a total of three sessions. Thus, the
total dose after three stages was 30 Gy. The mean
tumor volume reduction was 18.8 % and 39.8 %
at the time of the second and third sessions, re-
spectively. Intracranial progression-free survival
at 12 months was 80.7 %. Local control was not
achieved in three cases due to recurrence, in five
cases due to symptomatic peritumoral edema,
and in one case due to hemorrhage. New lesions
were detected in 24.8 % of patients at 6 months
and in 34.2 % at 12 months [8].

Medvedeva KE, et al. (2022) analyzed the treat-
ment of 31 BM patients who underwent two-stage
stSRS using the Gamma Knife platform. The me-
dian total dose after two stages was 30 Gy (range
22-49 Gy), with an interval of up to 33 days be-
tween sessions. The median tumor volume be-
fore therapy was 10.4 cm3. MRI follow-up was
performed at four time points: before the second
stage, and at 3, 6, and 12 months after treatment.
Follow-up data were available for 21, 14, 11, and
4 patients at each respective time point, the reduc-

tion being due to extracranial disease progression.
Mean lesion volume reductions at each stage
were 41.4 %, 43 %, 56.4 %, and 56.7 %. Intracranial
progression was observed in two patients at the
first, second, and third follow-ups. Radionecrosis
was detected in two cases, at 4 and 15 months
after treatment [9].

In the present study, a two-stage regimen was
used: 12 Gy in a single fraction at the first stage
and 14 Gy in a single fraction at the second stage,
with a 14-day interval between them [8].

The choice of the dosing regimen at the stages
of radiosurgery was based on the calculation of
the biologically effective dose (BED) using the
formula BED =D x (1 + d/(a/b)) [14]. The reference
point was the standard radiosurgery regimen for
metastatic lesions from breast cancer measuring
less than 3 cm at the largest dimension. Delivering
24 Gy to the lesion with a radiosensitivity coeffi-
cient a/b = 4.6 (for breast cancer histology) result-
ed in a biologically effective dose of 149.22 isoGy.

When recalculating the biologically effective
dose for hypofractionated irradiation with a single
dose of 8 Gy for three fractions and a total focal
dose (TFD) of 24 Gy, we obtain 65.74 isoGy, which
clearly demonstrates how the effectiveness of
radiotherapy decreases when the dose is reduced
and a hypofractionated approach is used.

Therefore, aiming to increase the iso-effective-
ness of the delivered dose, a two-stage irradia-
tion regimen with doses of 12 Gy and 14 Gy was
chosen, resulting in a cumulative iso-effective-
ness of 99.9 isoGy with an arithmetic cumulative
TFD of 26 Gy. A lower dose is delivered at the
first stage because initially we are dealing with
a large lesion, which may also be surrounded by
peritumoral edema and therefore requires a more
sparing irradiation regimen to avoid neurocogni-
tive impairment. By the second stage, due to the
dose already delivered and the use of anti-edema
therapy, the volume of the lesion and the peritu-
moral edema area usually decreases, making it
possible to deliver a higher dose while maintaining
patient safety.

Attention in this study may also be drawn to
the varying responses of lesions to treatment de-
pending on the location of the identified primary
tumor and histological type. In our cohort, the best
results were observed in metastatic lesions from
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generalized breast cancer, where the mean volume
reduction exceeded 70 % and was clinically signif-
icant. In contrast, metastatic melanoma lesions
demonstrated greater radioresistance, which is
characteristic of the histological structure of the
tumor. We cannot draw definitive conclusions on
this matter because a larger sample size would be
needed for statistically reliable research. However,
the preliminary results of this study suggest that
in an attempt to improve the clinical effect of the
proposed treatment, radiomodification could be
considered.

Of note in our data is the variability in treatment
response depending on the primary tumor site and
histology. The best results were seen in breast can-
cer BM, with mean volume reductions exceeding
70 %, a clinically significant effect. By contrast, mel-
anoma BM demonstrated greater radioresistance,
consistent with known histological characteristics.
Definitive conclusions are limited by the sample
size, but these preliminary findings suggest that
radiomodification might improve outcomes.

We also note the potential impact of stSRS on
reducing peritumoral edema, which is clinically
important in intracranial symptomatology and
limits radiotherapy planning [13]. Our findings
suggest that a lower first-stage dose may reduce
pronounced peritumoral edema, creating more fa-
vorable conditions for delivering a radical dose at
the second stage, thereby increasing both efficacy
and safety in BM treatment.

There are also grounds to hypothesize that
staging may positively affect radioresistant tumor
characteristics. In melanoma BM, increased resis-
tance to DNA double-strand breaks from radiation
is well-documented [15]. With hypofractionated
regimens, the marginal dose is delivered to an es-
sentially unchanged tumor because the period for
radiation effect manifestation is short, potentially
explaining the lower volume reductions observed
in melanoma BM in our study. In contrast, stSRS
yielded better outcomes, possibly because the
interstage interval allowed partial tumor patho-
morphosis, reducing radioresistance.

CONCLUSION

Two-stage staged stereotactic radiosurgery
for brain metastases has demonstrated satis-
factory local control in patients with various pri-
mary tumor sites. Follow-up is ongoing, but the
positive dynamics observed thus far support the
expectation of favorable long-term results. In-
vestigating correlations between histology and
treatment response, comparing this technique to
other staged radiosurgery protocols, and exploring
possible clinical effects associated with stSRS
remain promising areas for further research. At
this stage, the achieved degree of local control
with the proposed dosing and interstage interval
offers a viable treatment option for large brain
metastases.
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