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ABSTRACT

Purpose of the study. Evaluation of the effectiveness of extracranial stereotactic radiation therapy in various fractionation
regimens in the treatment of patients with metastatic vertebral lesions.

Patients and methods. The study included 12 patients with metastatic spinal lesions who underwent extracranial stereotactic
radiation therapy (SBRT) on a Novalis Tx linear accelerator, Varian, in radiosurgery mode (SRS; in 1 fraction) and hypofraction-
ation mode (SFD 5Gy, TFD 25Gy, 5 fractions) in the period from 01/01/2020 to 03/31/2022. The assessment of local control
was carried out using positron emission tomography — computed tomography (PET-CT) from 18FDG. The intensity of the pain
syndrome before and after radiation was assessed using a visual analog pain scale (VAS).

Results. 19 vertebrae with metastatic lesions were irradiated in 12 patients. The SBRT technique in hypofractionation mode
was used in 6 (50 %) patients, in radiosurgery (SRS) mode was used in 4 (34 %) patients, in 2 (17 %) patients a combination
of irradiation techniques was used on various affected segments of the spinal column. The general tumor volume (GTV)
averaged 30.56 = 7.8 km2. When using the radiosurgical irradiation regimen, SFD ranged from 16 to 18 Gy. When using the
hypofractionation technique, the total focal dose (TFD) was 25 Gy, a single focal dose (SFD) was 5 Gy.

Conclusion. Stereotactic radiation therapy and radiosurgery of metastatic vertebral tumors without compression of neural
structures provides local tumor control in 92 % of patients within 6 months and in 83 % of patients within 1 year, regression
of pain after irradiation — in 67 % of patients.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA

OnbIT cTepeoTaKcHYecKoi Ny4eBoi Tepanuu U pajuoXupypruyeckoro neyeHus

MeTacTaTUu4eCKux OI'IVXOHGVI N03BOHKOB
0. U. Kur, [1. E. 3akonabipun®™, 3. E. Poctopryes, . I. Cakyn, B. 1. Bowepgcknuii, M. A. Komanpgupos

OrBY «HaumoHanbHbI MeSULIMHCKWIA CCneoBaTeNbCKUiA LLEHTP OHKonoruu» MuHucTepcTBa 3fpaBooxpaHenus Poccuiickoit Gepepaummy,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus
X russiandoctor@mail.ru

PE3IOME

Lienb uccnepgoBanus. OueHka 3hdeKTUBHOCTH SKCTpaKpaHUanbHOWM CTePEOTaKCUYECKOW NyYeBOI Tepanumn B pasnnyHbIxX
pexxvmmMax ppakLMoHNPOBaHWUA NPU eYEeHUN NaLUEHTOB C MeTacTaTUYECKUM NOpaXeHWeM NO3BOHKOB

MaumeHTbl M MeTOAbI. B ccnefoBaHue BKIIHOYEHO 12 601bHbIX C METACTaTUYECKMM NMOPaXXeHNEM NMO3BOHOYHMKA, KOTOPbIM
6bl1a NpoBefeHa aKCTpakpaHuabHasa cTepeoTakcuyeckas nydesas Tepanus (SBRT) Ha nuHeiHoM yckopuTene Novalis Tx,
Varian, B pexxumMe paguoxupyprum (SRS; 3a 1 dpakumio) 1 pexxume runodpakumoHnposaHus (pasosas oyaroeas osa (POL)
5p, cyMmapHasi oyarosasi fosa (CO[l) 25Ip, 5 ¢dpakuwmit) B nepmog ¢ 01.01.2020 no 31.03.2022 rr. OueHKa NOKaNbHOro
KOHTPOJS OCYLLEeCTBASINACh C UCMOJIb30BAaHUEM MO3UTPOHHO-3MUCCUOHHOW TOMOrpathum — KOMNbIOTEPHOW TOMorpabum
(M3T-KT) ¢ 18dAr. UHTEHCMBHOCTbL 60/1€BOr0 CUHAPOMA 10 U NOCc/e 06/yYeHUsI OLLeHUBANM NO BU3YasibHO aHanoroBow
wkane 6onu (BALL).

Pe3synbTatbl. Y 12 nayneHToB NpoBefeHO obnyyeHne 19 MeTacTaTUYeCKMX NOpaXKeHHbIX N03BOHKOB. MeTtoauka SBRT
B peXxunmMe runodpakLMoHMpoBaHus 6biia npuMeHeHa y 6 (50 %) 60/bHbIX, B pexkuMe pagnoxupyprum (SRS) ncnonbsoeaHa
y 4 (34 %) nauneHToB, Y 2 (17 %) 60NbHbIX Ha Pa3/IMYHbIX MOPAXEHHbIX CErMEHTax NO3BOHOYHOro CTon6a NpuMeHsinach
KOM6MHaLMs MeTOAMK 061ydeHus. O6Lmii o6bem onyxonu (GTV) B cpeaHeM cocTaensan 30,56 + 7,8 cM2. [Mpy NpUMeHEeHNUM
paanoxupypruyeckoro pexxumma obnyyenuns PO coctasnsina ot 16 go 180p. Mpy npUMeHeHnn MeTOANKMN r’MNodpakLMOHU-
poBaHusa CO[, coctaBuna 25 I'p, PO - 5 'p.

3akntoueHue. IKCTpakpaHmasnbHas cTepeoTakcuyeckas JiydeBasi Tepanvs MeTacTaTuyecknx onyxonein No3BOHKOB 6e3
KOMMPECCUN HeBPasbHbIX CTPYKTYP 06ecneynBaeT NoKasbHbll KOHTPOMb OMNyXosu Yy 92 % 60/bHbIX B TeYeHUe 6 MecsLEeB
ny 83 % nauneHToB B TeueHue 1 roaa, perpecc 601eBOro CMHAPOMa nocsie 061ydYeHnst —y 67 % 60NbHbIX.

KntoueBble C/loBa: CTepeoTakcMyeckas JlyyeBasi Tepanus, pagvoxupyprus, MetTactasbl B MO3BOHOYHUK
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INTRODUCTION

An analysis of the literature shows that 30—-50 %
of cancer patients have metastatic spinal column
lesions, including 70-80 % of patients with breast
or prostate cancer and 40 % of patients with ad-
vanced lung cancer [1]. In one third of patients, the
lesion of the vertebrae is symptomatic. Clinical
manifestations are most often represented by pain
syndrome, varying in intensity. For a long time, con-
ventional radiation therapy (CRT) has been used in
the treatment of this group of patients and in the
absence of indications for surgical treatment, which
has a satisfactory (up to 80 % of cases) analgesic
effect, however, local relapses occur in 60-80 % of
patients, and the analgesic effect often develops
only 2-3 weeks after treatment, especially with ra-
dioresistant tumors [2]. Currently, conformal meth-
ods of radiation therapy in the treatment of bone
metastases are replacing conventional radiation
therapy, despite their disadvantages in the form of
the need for longer patient preparation, additional
diagnostic studies, and high cost [3]. The main dif-
ference between conformal radiation therapy and
conventional radiation therapy is the creation of

an irradiation field of a given shape with minimal
impact on surrounding tissues. The possibility of
concentrating the radiation dose without increasing
it during conformal radiation therapy in the tumor
area is, among other things, a way to overcome its
radioresistance. Stereotactic body radiation therapy
(SBRT) and radiosurgery (SRS) have taken leading
positions among conformal methods in the treat-
ment of spinal tumors. In stereotactic radiation
therapy, tumor destruction occurs in several large
fractions (5-12 Gy each), in stereotactic radiosur-
gery — by summing up a radical dose (15-21 Gy) in
one session.

The purpose of the study was to evaluate the
effectiveness of extracranial stereotactic radia-
tion therapy in various fractionation regimes in
the treatment of patients with metastatic vertebral
lesions.

PATIENTS AND METHODS

The study included 12 patients with metastatic
spinal lesions who underwent extracranial stereo-
tactic radiation therapy (SBRT) on a Novalis Tx linear
accelerator, Varian, in radiosurgery mode (SRS; for

Table 1. Characteristics of metastatic vertebral tumors in patients

Indicator

Indicator value (n = 19)

The location of a metastatic tumor in the spine according to the Tomita classification

1 type 4 (21 %)
5 type 1(5%)

7 type 14 (74 %)
Localization of the tumor in the vertebra

body 13 (68 %)
body + peduncle of the arch 3(16 %)
total defeat 3(16%)
The degree of tumor spread according to the Weinstein-Boriani classification

B+C 18 (95 %)
A+B+C 1(5%)
Level of lesion

Cervical 2(10.5 %)
Thoracic 7 (37 %)
Lumbar 8 (42 %)
Sacral 2(10 %)
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1 fraction) and hypofractionation mode (SFD 5Gy,
TFD 25Gy, 5 fractions) in the period from 01/01/2020
to 03/31/2022.

The average age of the patients was 55.47 + 2.89
years, the ratio of men and women was 2:10. Grade
1b epidural compression was detected in only 1 pa-
tient. The stability of the spinal column on the SINS

W paguoxupypruyeckoro neyeHua MetactaTuyeckumx OI'IyXOHEVI NO3BOHKOB

scale averaged 5.0 + 0.59 points. All patients were
neurologically intact (Frankel type E) and functionally
intact (70-80 points according to Karnofsky). Pain
syndrome before the course of radiation occurred in
all patients, the average score according to VAS was
5.4 + 0.67. According to the histological type of the
primary tumor, the distribution was as follows: breast
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Fig. 1. Assessment of local control after radiation therapy in patient L-o. A, B = MRI and CT data of the thoracic spine before treatment (signs
of metastatic lesion of the Th3 vertebra); C - data of the control PET-CT during the observation period 3 months after irradiation (there are
no signs of pathological activity in the irradiation zone); D — data of the control PET-CT during the observation period after 12 months after
irradiation (signs of recurrence of formation in the area of the vertebral arch peduncle)
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cancer — 10 (84 %) patients, skin melanoma -1 (8 %)
patient, without an established primary focus -
1 (8 %) patient. The characteristics of metastatic
vertebral tumors in patients with neuroimaging are
represented in Table 1.

The general tumor volume (GTV) averaged
30.56 = 7.8 cm?. The average radiation dose for
single-fraction courses was 26 [13; 16] Gy. When
using the hypofractionation technique, the average
total focal dose (TFD) was 25 [25; 26] Gy, the average
single focal dose (SFD) was 5 [5; 8] Gy.

A single metastatic lesion in the spine at the be-
ginning of treatment was observed in 2 (17 %) pa-
tients, in the remaining patients metastatic lesion of
the vertebrae was of a multiple nature. In addition
to the spine, 6 (50 %) had metastasis to other flat
bones of the skeleton, and 4 (34 %) had visceral me-
tastases.

To assess the neurological status and condition
of patients, the Frankel and Karnofsky scales were

used, the intensity of pain syndrome was assessed
using a visually analog pain scale (VAS), and the
SINS scale was used to assess instability in the af-
fected spinal-motor segment. All patients were ex-
amined on the day of admission, at discharge and
every 3 months after completion of the course of
radiation therapy. All patients underwent computed
tomography (CT) and magnetic resonance imaging
(MRI) of the spinal column before treatment, postop-
erative assessment of local control was carried out
using positron emission tomography — computed
tomography (PET-CT) with 18F-fluorodeoxyglucose
(18-FDG) (Fig. 1).

The irradiation was carried out on the Novalis Tx
linear accelerator, Varian. Topometric tomography
was previously performed on a Siemens Somatom
computed tomograph, and preliminary topometry
was processed at the Singo Via virtual simula-
tion station. A full-body vacuum mattress with an
ArmShuttle board was used for immobilization and

Fig. 2. Radiation planning. A — anatomical segmentation and contouring of critical organs and structures; B — delineation of the GTV volume
from images of various modalities and formation of the CTV volume; C - contouring of the spinal cord and the formation of PTV volume;
D - dosimetry planning with control of target coverage and load on critical organs and structures, followed by analysis of the calculated

irradiation plan
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reproducibility of the patient's laying. Using the Ele-
ments Brainlab software, segmentation, contouring
and formation of a 3D treatment plan for a linear
accelerator were performed. The laying and con-
trol of the patient's position were performed using
orthogonal X-rays using the ExacTrac X-Ray Moni-
toring BrainLab positioning system. Verification of
the calculated stereotactic radiotherapy treatment
plan was carried out on a StereoPHAN phantom with
a matrix of SRS Mapcheck detectors. Before the
radiosurgical treatment session, the absolute dose
calibration of the accelerator and the calibration
of the positioning system were checked. The dose
was delivered using a dynamic volume modulated
technique (VMAT).

The clinical volume of the tumor (CTV) was
determined in accordance with the International
Spine Radiosurgery Consortium Consensus Guide-
lines [4]. The planned tumor volume (PTV) was cal-
culated by adding a 2 mm edge to the CTV bound-
aries, minus the PRV (planning risk volume) for
the spinal cord (+ 3 mm to the edge of the spinal
cord in all directions) and taking into account the
location of the risk organs (oropharynx, esopha-
gus, etc.) (Fig. 2).

For each group of indicators, the type of data dis-
tribution was determined (histogram construction
according to the Kolmogorov — Smirnov test). If the
application of the criterion showed a normal dis-
tribution of data, the average, the error of the aver-
age (M £ m) was used for the description. When the
distribution differs from the normal law, the values
of the median, 1st and 3rd quartiles (Me [Q1; Q3])
were used for the description. The threshold level of
significance for testing statistical hypotheses was
assumed to be 0.05.

STUDY RESULTS

In 12 patients, 19 metastatic vertebral tumors
were irradiated.

The majority of patients (80 %, n = 10) underwent
1 course of radiation therapy, 20 % of patients re-
ceived 2 courses of radiation. At the same time, ir-
radiation of one vertebra was performed in 8 (67 %)
patients, 4 (33 %) received irradiation of two or more
segments of the spinal column. The SBRT technique
was used in 6 (50 %) patients, radiosurgery (SRS)
was used in 4 (34 %) patients. Both SBRT and SRS

1 PanoXMpYpPruyeckoro IeYeHns MeTactaTuyecknx onyxonei No3BOHKOB

irradiation techniques were used in 2 (17 %) patients
on various affected segments of the spinal column.

The radiation therapy performed was part of the
complex treatment in 10 (83 %) patients, combined -
in2 (17 %).

The average duration of follow-up was
12.18 + 2.23 months. Radiological local control
(complete, partial response and stabilization of
the disease according to the RECIST criteria) was
achieved in 11 (92 %) patients within 6 months, in 10
(83 %) — within 1 year. Progression of the underlying
disease during the follow-up period was noted in
6 (50 %) patients. The average survival rate before
progression was 9.11 + 2.69 months. A decrease
in back pain after irradiation was noted by 8 (67 %)
patients, there were no cases of an increase in pain
syndrome.

DISCUSSION

Stereotactic radiation therapy and radiosurgery
show high efficiency in the treatment of metastatic
tumors of the vertebrae. One of the primary goals of
irradiation of tumors that do not compress the spinal
cord is the treatment of pain syndrome. Vargo J. A.
et al. [5] It is proposed to apply certain modes of irra-
diation, depending on the purpose of the treatment.
If the main task is to relieve pain, then preference is
given to radiation for 1 fraction (16—18 Gy). In order
to achieve long-term local control, preference is giv-
en to fractionated SBRT modes (8-9 Gy x 3 fr,, or
6-7 G x 51r.).

Randomized studies of the analgesic effect
of radiation therapy performed in patients using
single-fraction SBRT (16—18 or 24 Gy) and mono-
multi-fraction CRT (8 Gy for 1 fraction or 30 Gy for
10 fractions) showed no significant difference be-
tween the groups of patients 3 months after treat-
ment, and a significantly better effect of SBRT after
6 months [6, 7]. The limitation of these studies was
the lesion of no more than 2 adjacent vertebrae
and the presence of a distance of at least 3 mm
between the edge of the tumor and the spinal cord
(no more than 1b degree ESCC), otherwise the
groups could not be randomized. Sahgal A. and
co-author. [8] In the course of a randomized multi-
center study, the advantages of SBRT (two-fraction
24 Gy) over CRT (20 Gy in 5 fractions) in effective-
ness against pain syndrome in metastatic spinal in-
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jury were also noted, even during the first 3 months
after treatment. The results of randomized stud-
ies comparing the effectiveness of CRT and SBRT
techniques in relation to local tumor control are
currently not available in the literature. Meta-anal-
ysis conducted by Singh R. et al. [9], which included
3237 patients, showed the presence of local tumor
control in 92.9 % of patients after single-factional
SBRT (RS) versus 81 % after CRT or 82.1 % after
multi-factional CRT.

Local radiation does not prevent the progression
of the underlying disease, so it should be used in
combination with chemotherapy treatment. During

the follow-up period, progression was noted in 50 %
of patients, while local control was achieved by the
end of the first year after completion of the radiation
course in 83 %.

CONCLUSION

Stereotactic radiation therapy and radiosurgery of
metastatic vertebral tumors without compression of
neural structures provides local tumor control in 92 %
of patients for 6 months. and in 83 % of patients
within 1 year, regression of pain syndrome after ir-
radiation — in 67 % of patients.
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