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ABSTRACT

Purpose of the study. The primary study presents an analysis of the results of stereotactic radiosurgery (SRS) and
hypofractionated stereotactic radiotherapy (SRBT) of extra — and intracranial tumors obtained during four years of
observation at «National Medical Research Centre for Oncology».

Material and methods. The study enrolled 277 patients. 184 patients (66.4%) received SRS, 54 patients (19.5%)
received intracranial SRT, 39 patients (14.1%) received extracranial SRBT. Radiation treatment plans were developed
with iPlan and Elements planning software, BrainLab. Radiation therapy was performed with Novalis Tx, Varian linear
accelerator. Outcome assessment was performed with iPlan and Elements software, BrainLab, by comparing tumor
volumes based on brain MRI series for brain tumors (or CT imaging for extracranial pathology) before the treatment
and during four-year follow-up. Stereotactic radiosurgical and hypofractive radiotherapy techniques were used. In
radiosurgical surgery, radiation therapy was performed with a single high-precision approach of the therapeutic dose
to the target for the purpose to reach biological effect in the irradiated volume with minimal impact on the surround-
ing tissues. Single focal doses (SFD) were selected due to histology, and the dose was prescribed according to the
accepted criteria of The International Commission on Radiation Units and Measurements (ICRU) (2010) Report 83.
Hypofractionated stereotactic radiotherapy was performed using 2-5 Fractions (FR) with an average range of 3-10 Gy.
Results. During the entire period of observation tumor volume and clinical symptoms in patients who received SRS
were reported to reduce in 69.8%, to be stable in 19.6%, increased in 9.8%, respectively. For patients, who received
intracranial SRT, tumor volume and clinical symptoms were reported to reduce in 59.3%, increased in 21.4%, to be stable
in 9.3%. For patients with extracranial tumors, who went SRBT, tumor volume and clinical symptoms were reported to
be stable in 58.9%, reduced in 38.5%, increased in 6.7%.

Conclusion. The analysis of the obtained data shows the high efficiency of SRS and SRBT methods, which allow to
achieve local control over both malignant and benign tumours.
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OPUTUHATIBHASA CTATbA

ONbIT MPUMEHEHUA PAAVOXUPYPTUHECKOTO KOMIJEKCA NOVALIS TX
B MPAKTUKE ®IBY «HMWL| OHKOJIOTUM» MUH3IPABA POCCHK

0.1.Kut, B.W.Bowepckuii, N.I.Cakyn*, M.A.lycapesa, C.l.Bnacos, K.H.Myceiiko, M.A.Komangupos, 10.A.KyntbieBa

®rbY «<HMUL, onkonorun» Munagpasa Poccuu,
344037, Poccuitickas degepauus, r. PoctoB-Ha-[loHy, yn. 14-9 nuHus, 4. 63

PE3IOME

Llenb nccnepoBanusi. AHanM3 Nosly4YeHHbIX B TEYEHWE YeTbIpex NIeT HabntoAeHW pedynbTaToB NPOBEEHHON CTe-
peoTakcuyeckoi paauoxupyprum (SRS) 1 cTepeoTakcUYecKoi paguoTepanuu B pexxume runodpakLyoHUpoBaHus
(SRBT) akcTpa- ¥ MHTpakpaHuanbHbix onyxonei B ®rBY «<HMUL, onkonorun» M3 PO.

MaumneHTbl M MeTOAbI. B ccnefoBaHne BKIOYEHO 277 NauneHTOB, pasfeneHHble Ha 3 rpynnbl. B nepsoin rpynne
184 naumeHTa (66,4%) ¢ NnpumeHeHHoM SRS, Bo BTOpoii rpynne 54 naumeHTa (19,5%) ¢ npumeHeHHoM SRT, B TpeTbei
rpynne 39 6onbHbIxX (14,1%) ¢ npoBefeHHON SRBT aKkCTpakpaHuanbHbIx onyxonei. Paspa6oTka nnaHoB ny4YeBow
Tepanuu NpoBoAMach Ha cuctemax nnaHupoBaHus iPlan u Elements, BrainLab. JlyueBas Tepanus nposogunacb
Ha nuHeltHomM yckopuTene Novalis Tx, Varian. OueHka npoBogmnach ¢ UCNo/ib30BaHWEM NPOrpaMMHOro obecneve-
HuA iPlan n Elements, BrainLab, nyTem cpaBHeHuUs 06beMOB onyxosnei no fgaHHbiM MPT uccnefjoBaHusi ronoBHOro
Mo3ra v CPKT gnsi akcTpakpaHuanbHON NaToNorMm B MOMEHT JIEYEHUS U B TeYEHWE YeTbIpex NeT HabMoAeHNS.
Wcnonb3oBanuch cTepeoTakcMyeckne paguoxmpypruyeckume n runodpakuMoHHble METOAMKM NTy4eBO Tepanuu.
Mpun papnoxnpypruyeckom feveHnm nyyesas Tepanusa NpoBoAnIach C O4HOKPaTHbIM BbICOKOTOYHbIM NOABEAEHNEM
TepaneBTUYECKOM [03bl K MULLEHU C Lienbto 6uonornyeckoro apdekra B 061y4aeMom o6beMe Npu MUHUManbHOM
BO3ENCTBUN Ha OKpYXatoLLme TKaHU. Pa3oBble ouarosble Ao3bl (PO[l) noaéupanucb B 3aBUCUMOCTM OT TUCTONOT UK,
a npegnucaHve [03bl MPOBOAUIIOCH COrNacHoO NpUHATBLIM Kputepusam The International Commission on Radiation
Units and Measurements (ICRU) (2010) Report 83. lmnodpakuMoHUpoBaHHas cTepeoTakcuyeckas JiyueBast Tepanms
npoBoaunach ¢ ucrnosnb3oBaHnem 2—5 dpakuuii (Pp) co cpegHum auanasoHom PO, 3-10 Ip.

Pesynbratbl. B TeueHune Bcero nepuopa HabnoaeHuid B rpynne nauneHTo nocne SRS B 69,8% crnyyaeB oTMeyeHa
nonoXxuTenbHas AMHamMuKa, B 19,6% oTMeuyeHa cTabunusauusi npouecca, B 9,8% — oTpuuyatenbHas AuHaMuka.
B rpynne SRT y 59,3% 60onbHbix HabntogaeTcs NoNoXuTebHas AMHaAMKKA, B 21,4% — oTpuuaTefibHas AUHaMMKa
n B 9,3% — cTtabunuaauus npouecca. B rpynne SRBT akcTpakpaHuanbHbIx onyxonei B 38,5% — nonoxuTtenoHasn
AMHamuKa, B 58,9% oTMeueHa cTabunusaums npouecca, B 6,7% — oTpuuaTenbHas juHaMuka.

3aknioyeHune. AHanU3 NoJTyYeHHbIX AaHHbIX FOBOPUT O BbiCOKOW addekTnuBHOCTM MeToanK SRS n SRBT, koTopble
NO3BONSAIOT AO6GUTLCS NOKANIbHOrO KOHTPONSA Kak Haf, 3/1I0KayecTBEHHbIMY, Tak U JO6pOKayeCTBEHHbIMU HOBO-
06pa3oBaHUsAMMU.

KnioueBble cnoBa:
nyyeBasi Tepanus, paguoxupyprus, SRS, SBRT, SRT, HoBoo6pasoBaHusi.
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INTRODUCTION

Recently, stereotactic methods of radiation
therapy for various pathological formations have
come to the forefront of combined treatment of
neoplasms [1]. In the classical version, radiation
therapy was based on the quantitative doctrines
of classical radiobiology and was performed with
single focal doses up to 2 Gy. the goal of standard
fractionation was to reduce the risk of damage to
surrounding tissues. However, the appearance of
stereotactic techniques that provide high accuracy
and conformality of irradiation of the pathological
focus, and the development of target visualization
techniques, significantly increased the single dose
of radiation and reduced the number of radiation
fractions without increasing the risk of damage to
normal tissues, increasing the effectiveness of ra-
diation exposure [2]. For example, in the treatment
of vestibular sutures, recent articles confirm that
the control of tumor growth after radiosurgery is
achieved in 93-100%. Lunsford L. D. with co-authors,
he studied the results of treatment after 5 and 10
years in 829 patients with vestibular schwannom-
as who underwent radiosurgery at the University
of Pittsburgh. This article reported 98% control of
tumor growth during long-term follow-up. In 62% of
cases had positive dynamics in the form of a reduc-
tion of lesions in 33% of the stabilization process,
6% negative trend in higher education [3]. Today,
stereotactic radiosurgery has been considered as

the first line of treatment for patients with metastatic
brain damage [4]. The management of patients with
brain metastases has become a serious problem due
to the increasing frequency and complexity of diag-
nostic and therapeutic approaches [5, 6]. in 2014, the
European Association of neuro-oncologists (EANO)
created an interdisciplinary working group to develop
evidence-based recommendations for patients with
brain metastases from solid tumors [7]. Stereotactic
radiation therapy and radiosurgery today play a cru-
cial role in the treatment of not only cancer lesions,
but also vascular and functional pathologies of the
brain and spinal cord. For a number of diseases, this
is an important part of combined treatment, and if it
is impossible or there is an increased risk of surgical
intervention, it is an alternative to direct surgery,
often the only possible method of influencing the
pathological process [8]. Available clinical data con-
firm the important role of stereotactic radiosurgery
in achieving high local control of brain metastases.

The purpose of the study: analysis of four —year
results of stereotactic radiosurgery (SRS) and ste-
reotactic radiotherapy in hypofractionation mode
(SRBT) of extra-and intracranial tumors in the Fed-
eral state budgetary institution NMRC of Oncology
of the Russian Ministry of Health.

PATIENTS AND METHODS

The study included 277 patients divided into 3
groups. In the first group, there were 184 patients

Table 1. Dynamics in groups of stereotactic radiation therapy for 4 years

Positive dynamics

Process stabilization Negative dynamics

Patients’
number Benign Malignant Benign Malignant Benign Malignant
formation formation formation formation formation formation

Group | -
(SRS) 184 68 60 19 17 8
The percentage 69.8 % 19.6 % 9.8%
Group Il -
(SBRT) 57 9 5 14 8 1
The percentage 38.5% 58.9 % 6.7 %
Group IIl (SRT) 23 8 9 11
The percentage 59.3 % 9.3% 214 %
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(66.4%) with SRS: 77 (41.8%) with metastatic brain
damage; 57 (31.0%) with meningiomas; 31 (16.8%)
with cranial nerve neurinomas; 9 (4.9%) patients
with recurrent glial tumors, 8 (4.3%) with vascular
malformations, 2 (1.0%) with hemangiopericytoma
and pineoblastoma.

In the second group, 54 patients (19.5%) with
SRT: 23 (42.6%) with meningiomas; 14 (25.9%)
with cranial nerve neurinomas; 11 (20.4%) with
metastatic brain damage; 3 (5.6%) with recurrent
glial tumors; 1 (1.9%) with vascular malforma-
tions; 1 (1.9%) patient with hemangiopericytoma,
1 (1.9%) patient with craniopharyngioma.

In the third group, 39 patients were (14.1%) with
SRBT extracranial tumors: 21 (53.8%) with verte-
bral body hemangiomas; 12 (30.8%) with primary
and metastatic lung lesions, 3 (7.7%) with vertebral
neurinomas, 3 (7.7%) with metastatic vertebral
lesions.

All patients with intracranial pathology were im-
mobilized using a three-layer thermoplastic mask.
In patients with extracranial pathology, immobili-
zation was performed using a thermoplastic head-
neck-shoulders mask and a vacuum mattress for
lesions of the cervical and upper thoracic spine,
and using the Stradivarius™ SBRT system using an
abdominal press to exclude mobility of the area
of interest during breathing of the patient with
lesions of the lower thoracic, lumbar and sacral
spine. Topometric computed tomography was
performed on a Siemens SOMATOM tomograph.
Contouring and planning was carried out using
iPlan/ELEMENTS software, BrainLab. The prescrip-
tion dose coverage, D95%=100%. Verification of
the radiation therapy plan was performed by in-
dependent recalculation of the dose by another
algorithm, verification of the treatment plan on
the matrix of the ArcCheck detector, Sun Nuclear.
The assessment was performed using the iPlan
RT Image, Elements (BrainLab) software and by
comparing tumor volumes based on MRI data of
the brain and IPT for extracranial pathology from
the beginning of treatment and after four years
of follow-up. Stereotactic radiosurgical and hy-
pofractive radiotherapy techniques were used. In
radiosurgical radiation, radiation therapy was per-

formed with a single high-precision approach of
the therapeutic dose to the target for the purpose
of biological effect in the irradiated volume with
minimal impact on the surrounding tissues. Single
focal doses were selected depending on histology,
and dose prescribing was performed according to
the accepted criteria of The International Commis-
sion on Radiation Units and Measurements (ICRU)
(2010) Report 83. Hypofractionated stereotactic
radiotherapy was performed using 2-5 fractions
(FR) with an average range of 3-10 Gy.

STUDY RESULTS AND THEIR DISCUSSION

After four years of observation in the first group
of SRS (184 patients), 69.8% of cases showed pos-
itive dynamics (68 patients with benign tumors,
60 with malignant brain tumors), 19.6% showed
stabilization of the process (19 patients with be-
nign tumors, 17 with malignant brain tumors), 9.8%
showed negative dynamics (8 patients with ma-
lignant brain tumors).

In the SRBT group of extracranial tumors, 58.9%
showed stabilization of the process (14 patients
with benign lesions of the spine and 8 patients with
malignant lesions of the lungs and spine), 38.5%
showed positive dynamics (9 patients with verte-
bral body hemangiomas, 5 patients with malignant
lesions of the lungs and spine), and 6.7% showed
negative dynamics only for malignant formations
(1 patient with metastatic lung damage).

In the SRT group, 59.3% of patients showed pos-
itive dynamics (23 patients with benign tumors and
8 patients with malignant brain lesions, respective-
ly); 9,3% — stabilization of the process in 5 people
with benign formations and 21.4% negative dy-
namics (11 patients with malignant brain lesions).

CONCLUSION

During the past few decades, clinical studies have
provided insight into the effectiveness of stereotac-
tic radiotherapy techniques. Initially, stereotactic
methods of treatment were used as an adjunct to
surgical and systemic methods of treatment. Over
the past 20 years, data from clinical and scientific
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studies of foreign and domestic sources have be-
gun to use radiosurgical effects on pathological
formations in the first line of treatment, pushing
aside such methods of radiation exposure as total
irradiation of the entire brain. Increased indications

for SRS, SBRT, and SRT methods for benign intra-and
extracranial formations. The analysis of our own
data shows the high efficiency of SRS and SRBT
methods, which allow us to achieve local control
over both malignant and benign neoplasms.
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