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Abstract: glioblastoma (GBM) is an aggressive tumor with high rate of recurrence and esti-
mated survival of 15-18 months after diagnosis. Factors associated with longer survival of GBM
patients are age < 50 years, high performance status and radical resection of the primary tumor.
The optimal treatment for recurrence/ progression of GBM has not yet been determined and re-
mains a challenging issue. Stereotactic radiosurgery (SRS) is considered today as a therapeutic
option for effective treatment of recurrent malignant gliomas. The aim of this retrospective study
was to analyze the survival after SRS of the recurrent GBM in a cohort of 59 patients, which had a
radical resection of the primary tumor. The cohort consisted of 59 patients (28 / 47.5% of women
and 31/ 52.5% of men), the average age was 51 years (interval 24 - 81). SRS was performed by
means of linear accelerator “Trilogy” (USA) (6 MeV) from 2014 to 2020 at the State Institution
“Romodanov Neurosurgery Institute”. In all cases, the diagnosis of grade 4 GBM according to the
WHO classification was confirmed after neurosurgical procedures of the primary tumor. All 59 pa-
tients underwent the maximal safe removal of the primary tumor: in the vast majority of cases (54 /
91.5%) - in the perifocal area; in 5/ 8.5% of cases - subtotal. In all 59 cases, patients received ad-
juvant radiation therapy (total dose 60 Gy in 30 fractions), in 33 /55.9% of cases radiotherapy was
combined with concomitant alkylating chemotherapy (CHT) (Temozolomide 75 mg / m?). In 31 /
52.5% of patients, maintenance alkylating CHT was continued (Temozolomide 150-200 mg /m?). In
most cases (51 /86.4%) recurrent GBM (RGBM) was diagnosed by clinical and radiological signs;
in 8/ 13.6% of patients - after repeated surgery. Overall survival (OS), recurrence/progression free
survival (RFS) and survival after recurrence (SAR) represented the end-points of the study. The ef-
fect of the following quantitative and categorical factors (covariates) on the survival was studied.:
sex, age, performance status, combination of adjuvant RT with alkylating chemotherapy, neuro-
surgical procedures of RGBM, type of GBM recurrence, total dose of irradiation (BED, ) and SRS
dose (BED, ), number of SRS fractions, volume of target in SRS, duration of RFS. The effect of RFS
was studied in three independent groups: group I — RF'S < 10 months, group Il — RFS from 10 to 20
months; group Il — RFS > 20 months. The survival was analyzed by Kaplan-Meier (KM) method.
Log-rank test was used for analysis of the survival according to the binary predictors. The effect
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of several categorical factors on survival was analyzed by Pearson Chi-square test. The effect of
the quantitative covariates on survival was studied by regression analysis in Cox proportional risk
model. Hazard ratio was calculated with 95 % confidential intervals (CI). The analysis revealed
the following. Median OS following SRS RGBM was 26.3 months (95 % C1 17 —45.5), median RFS
was 12.9 months (95 % C1 8.4 —25.6), median SAR — 9.8 months (95 % C1 6.7 — 24.4). Two-year OS
in our study was 56 %. 6-month survival after SRS —77 %, one-year survival after SRS — 39 %, and
two-year survival after SRS — 28 %. The significant impact of performance status (p = 0.00159), du-
ration of recurrence-free period (p = 0.02711) and surgical resection of RGBM (p = 0.009391) on
the OS was demonstrated. The best OS was shown for the patients with Karnofsky score 90, recur-
rence occurring after more than 20 months and previous surgical resection of RGBM. The effects of
other factors on OS were not demonstrated. Such factors as age, sex, performance status, adjuvant
RT with concomitant alkylating CHT, surgical resection of RGBM, type of recurrence, number of
SRS fractions, BED,, in SRS RGBM, BED,, for overall courses of irradiation, SRS target volume
demonstrated no effect on SAR. SRS is non-invasive method for RGBM treatment that allows for
improving the survival without significant radiation toxicity. Primary biological properties of the
tumor seem to be of priority in determining the survival of RGBM patients. Although irradiation
of GBM is advantageous regarding the improvement of the survival, one could also speculate that
re-irradiation of the recurrent malignant glioma triggers some changes in its biology neutralizing

the potential effect of the survival factors that had predictive value before re-irradiation.

Key words: neoplasms, malignant glioma, glioblastoma, neurosurgical procedures, recurrence,

radiosurgery, survival.

Introduction

Glioblastoma (GBM) is the most common pri-
mary malignant brain tumor in adults I that is char-
acterized by the negative prognosis, high rate of re-
currence and mortality (Wen et al., 2019, Siminska
et al., 2021). GBM ranks third by the prevalence
among all tumors of central nervous system (CNS)
and first among malignant tumors of CNS. GBM is
the most aggressive of all brain tumors. In majori-
ty of cases, patients die within 15-18 months after
diagnosis. Five-year survival of GBM patients is
not more than 6.8 % (Ostrom et al., 2021). Among
the factors associated with better survival of GBM
patients are the age below 50, better performance
status, and radical resection of tumor. O°-methyl-
guanine DNA methyltransferase (MGMT) pro-
moter methylation is considered as more favorable
prognostic molecular feature (Wick et al., 2018).
Mutation of /DH gene (isocitrate dehydrogenase)
and 1p19q codeletion were considered as the sig-
nificant prognostic factor in the former WHO clas-
sifications of CNS tumors. Nevertheless, in WHO
classification 2016, these features are considered
as the characteristic signs of the specified subtypes
of gliomas. Therefore, these markers could not be
of prognostic value within the framework of each
specified subtype (Weller et al., 2021).

It should be recognized that the association be-
tween the extent of tumor resection and treatment
outcome in GBM patients is still a point of dis-
cussion. It is believed the prevention of the sur-
gically acquired neurological deficits that worsen
the quality of life of the patient and increase the
risk of the additional postoperative complication
is more important than the extent of resection per
se. Moreover, the surgical intervention is not suf-
ficient for the treatment of the diffuse gliomas,
which require complex therapy (Gulati et al.,
2011, Kommers et al., 2021, Sacko et al., 2021).
Nevertheless, less extent of resection and larger
volume of residual tumor tissue represent the neg-
ative prognostic factors for gliomas of different
subtypes whichever are their grades (Grabowski
et al., 2014, Brown et al., 2016, Molinaro et al.,
2020). There are no data from corresponding ran-
domized controlled clinical trials since the design
of the trial to resolve this problem encounters the
utmost difficulties (Weller et al., 2021). At the
same time, one should take note of the local recur-
rence pattern (usually within 2 cm from the area
covered by the primary tumor) that is typical for
GBM (Rapp et al., 2017). Such local recurrence
within 2 cm from the resection cavity is believed
as inevitable taking into account extremely high
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level of recurrence (Brandes et al., 2009, Ddrner
et al., 2013). The optimal approach for treating re-
currence or progression of high-grade glioma is
still debatable and remains a difficult problem for
multidisciplinary teems of neurooncologists. Ste-
reotactic radiosurgery (SRS) as the high-tech pre-
cision treatment is considered as the therapeutic
option for effective management of the recurrent
malignant gliomas (Brédutigam et al., 2019, Lovo
et al., 2021). Due to up-to-date improved tech-
niques of radiotherapy, novel visualization tech-
niques, and increasing radiobiological knowledge
of brain tissues, the repeated irradiation became
possible for this complicated category of patients.

The decision is taken on an individual basis tak-

ing into account the nature of the recurrence, the

previous treatment, the performance status as well
as the preferences of the patient and the expect-

ed quality of life (Garcia-Cabezas et al., 2021).

Several aspects of reirradiation of GBM patients

are awaiting their decision, in particular, criteria

for selecting of the most favorable candidates
for such a treatment and accounting for the fac-
tors that affect positively the survival. The pres-
ent study deals with the analysis of the survival
after radiosurgery of recurrent GBM (RGBM) in
patients with radical resection of primary tumor.

The factors affecting survival in this category of

patients is also analyzed.

Aim

Analysis of survival after SRS of RGBM in
cohort of patients with radical resection of pri-
mary tumor.

Methods

The data of the prospective study performed at
the State Institution “Romodanov Neurosurgery

Institute, National Academy of Medical Scienc-

es of Ukraine” have been presented. The study

included 59 patients with RGBM treated with

SRS using linear accelerator “Trilogy” (USA) (6

MeV) in 2014-2020. The study was approved by

the Committee on Ethics and Bioethics of the In-

stitute (Meeting Minutes No. 3 of June 6, 2016).
Inclusion criteria:

» males and females aged above 18 years;

* voluntary informed written consent to partic-
ipate in the study, willingness and ability to
comply with the procedures of the study and
the follow-up;
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+ anticipated survival time of more than 3
months;

* pathohistologically confirmed diagnosis of
GBM,;

* pathohistologically confirmed recurrence/pro-
gression of GBM or clinical-and-radiological
features of recurrence/progression of GBM;

* >3 de novo multicentric recurrent tumors;

* Karnofsky performance status (KI) > 70;
performance status according to ECOG
(Eastern Cooperative Oncology Group) scale
<0-2.

The distribution of the patients under study
according to the major characteristics is given in

Table 1.

Table 1. Major characteristics of patients

Number of
patients
Characteristics (total %
number
n=59)
Sex
males 31 52.5
females 28 47.5
Age (years)
mean 51
range 24 — 81
Localization of primary tumor
lobar 54 91.5
median extension 5 8.5
multicentric growth 0 0
MGMT status
methylated promoter of
MGMT gene 3 5.1
non-methylated promoter of
MGMT gene 6 10.2
no data 50 84.7
IDH 1 status
IDH]I - wild type 9 15.3
no data 50 84.7
Adjuvant radiotherapy (RT)
(60 Gy, 30 fractions) +
concomitant chemotherapy
(CHT) (Temozolomide 75
mg/m? 7 days a week during
RT course) 33 55.9
Adjuvant RT (60 Gy,
30 fractions) without
concomitant CHT 26 44.1
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Volume of primary tumor
resection
total 54 91.5
subtotal 5 8.5
Adjuvant CHT (Temozolo-
mide 150-200 mg/m?)
yes 31 52.5
no 28 47.5
Type of GBM recurrence
local growth 41 69.5
multifocal growth 11 18.6
de novo solitary tumor 7 11.9
Performance status (KI)
prior to SRS
90 11 18.6
80 22 37.3
70 26 44.1
Surgical resection of RGBM
yes 8 13.6
no 51 86.4
Number of SRS fractions
1 40 67.8
3 6 10.2
4 6 10.2
5 7 11.8
PTV (cm?) in SRS
median 13.99
95 % confidence interval (CI) | 11.6—-17.2
p| <0.0001
BED,, in SRS of RGBM (Gy)
median 39.3
95 % CI| 393-433
p 0.0217
Overall BED for all courses
(Gy)
median 110.2
95% CI | 108.0-114.2
p 0.0483
Prescription dose (PD) in
SRS of RGBM (Gy)
median 14.0
95 % CI 12-16
p 0.0001
Total boost dose (TBD) in
SRS of RGBM (Gy)
median 18.0
95%CI| 16-18.5
p| <0.0001

According to the requirements of the State
Standard of Ukraine, Shapiro-Wilk test was used
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for testing normality of data distribution. The
following data were shown to be normally dis-
tributed: the age in the general group of obser-
vation (p = 0.0785); biologically effective dose
(BED,)) — both overall BED,, and BED,, in SRS
of the recurrent tumor in female patients (p =
0.8020 and p = 0.1373, respectively); the age and
BED, in SRS of the recurrence in male patients
(p =0.3752 and p = 0.8355, respectively). When
the data were not normally distributed, the pa-
rameters of a central tendency (median with 95 %
confidential intervals (CI): min-max) were used.

The group under study comprised 28 (47.5 %)
females and 31 (52.5 %) males. The mean age
was 51 years (range 24-81). The mean age of
male patients was 52.7 years (29-81). The me-
dian age of female patients was 54.4 (95 % CI
38.5-56.0; p = 0.0088).

The diagnosis of GBM grade 4 according to
WHO classification was verified following the
surgical treatment of the primary tumor.

The maximal safe resection of the primary
tumor was performed in radical extent. In most
cases (54/91.5 %), the “total” resection along the
perifocal area was provided; in 5 (8.5 %) cases,
the resection was subtotal.

It should be noted that molecular genetic as-
sessment of MGMT status and IDHI mutation
of the primary tumor was performed only in few
cases (9/15.3 %). This could be explained by the
fact that the majority of patients included into the
study have been under treatment before the mo-
lecular genetic tests were implemented following
the revision of WHO classification of CNS tu-
mors in 2016 (Louis et al., 2016).

In all cases, the neurosurgical procedure of the
primary tumor was followed by the adjuvant ra-
diotherapy (TBD 60 Gy, 30 fractions). In 33 cas-
es, radiotherapy was combined with the concom-
itant alkylating CHT (Temozolomide 75 mg/m?).
In 31 (52.5 %) cases, CHT with Temozolomide
(150-200 mg/m?) continued after the completion
of adjuvant CHT.

In most cases (51/86.4 %), the persistence
of the disease was confirmed by the complex of
clinical and radiological features being indicative
of the local recurrence or extended GBM growth.
RGBM was visualized as the focus of patholog-
ical accumulation of paramagnetic in brain MRI
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with intravenous paramagnetic contrast within
the area of the resection of the primary tumor
(local recurrence/continuous GBM growth) or de
novo solitary focus or several foci of multicenter
growth without pseudoprogression features ac-
cording to RANO (Response Assessment in Neu-
ro-Oncology) criteria (Wen et al., 2010). When
possible, the conventional diagnostic procedures
were supplemented with perfusion techniques
(MRI or CT) taking into account their advantag-
es in differential diagnosis between RGBM and
pseudoprogression.

In 8 (13.6 %) cases, the recurrent/continuous
tumor growth was diagnosed based on pathomo-
rphological findings following the secondary sur-
gical intervention (5 cases of subtotal resection
and 3 cases of partial resection).

In all cases, when the persistence of the dis-
ease was suspected, the final decision was taken
by the multidisciplinary neuro-oncological group
consisted of neurosurgeon, medical oncologist,
radiation oncologist and radiologist.

According to the recurrence pattern, the pa-
tients with local growth of tumor (within the
area of the primary tumor) were predominant
(41/69.5%). The progression of multicenter type
(11/18.6%) or de novo appearance of solitary
tumor focus (7/11.9 %) was less prevalent. Sug-
gesting that the shared features exist in de novo
appearance of solitary tumor focus and GBM
progression of multicenter type, we could consid-
er these two patterns as the phases of the single
process of the multifocal tumor growth. On this
assumption, we thought it appropriate to combine
the patients with these two patterns of progres-
sion into a single group for the purposes of the
statistical analysis of the results.

SRS was performed provided that the per-
formance status of the patient was not less than
70 points according to KI or < 0-2 according to
ECOG scale. In almost half of the patients under
study (26/44.1 %), KI was 70.

Linear accelerator “Trilogy” (USA) (6 MeV)
was used for SRS treatment. The target volume
of irradiation was delineated by fusion MRI and
CT images. The gross tumor volume (GTV) was
defined as the visible lesion on MRI contrast-en-
hanced images. The additional field for CTV
(Clinical Tumor Volume) was not added but for
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PTV (Planning Tumor Volume) the “safety mar-
gin” up to 5.0 mm was added (Briutigam et al.,
2019). In cases of previous surgical resection of
RGBM, the irradiation target comprised the sur-
gical cavity and the adjacent cerebral tissue. The
borderlines for irradiation target were delineat-
ed in the way allowing to reduce maximally the
contact between the irradiation area and the brain
critical structures (visual tracts, optic nerves, chi-
asm, brainstem, hippocampus). The dose regime
was defined on an individual basis taking into
account the volume of the irradiated target, its
localization regarding the proximity to the brain
critical structures, BED , for the first course of ir-
radiation; time elapsed since the first irradiation.
The permissible dose loading onto the critical
structures of the brain was calculated according
to the estimated normal tissue complication prob-
ability (NTCP) (Marks et al., 2010).

The parameters of irradiation and dose frac-
tionation in SRS of RGBM are given in Table 1.

SRS was performed without concomitant sys-
temic therapy.

As accompanying therapy (by clinical indi-
cations — symptomatic cerebral edema, epileptic
attacks, etc.), corticosteroids with oral inhibitors
of proton pump, anticonvulsants, and osmotic di-
uretics were used.

Overall survival (OS), recurrence-free (pro-
gression-free) survival (RFS) and survival after
recurrence (SAR) represented the end-points of
the study. OS was calculated in months as the
time from the date of the surgical resection of
the primary tumor to the date of death (event) or
the date of the last observation (censured obser-
vation). The rates of 3-, 6-, 12-, 18-, 24-month
survival were also assessed.

RFS was calculated as the time from the date
of the surgical resection of the primary tumor to
the date of SRS RGBM. SAR was calculated as
the time from the date of SRS to the date of death
(event) or the date of the last observation (cen-
sured observation).

The effect of the following quantitative and
categorical factors (covariates) on the survival
was studied: sex, age, performance status (KI),
combination of adjuvant RT with alkylating
CHT, surgical resection of RGBM, type of GBM
recurrence, overall dose for the total courses of
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irradiation (BED,,) and SRS dose (PD, TBD,
BED ), number of SRS fractions, volume of tar-
get in SRS, duration of RFS.

The effect of RFS was studied in three inde-
pendent groups of patients: group I — RFS < 10
months; group II — RFS from 10 to 20 months;
group IIT — RFS > 20 months.

The survival was analyzed by Kaplan-Meier
(KM) method.

Log-rank test (for comparing survival curved
for different groups under study) was used for
analysis of the survival according to the binary
predictors. The effect of several categorical fac-
tors on survival was analyzed by Pearson Chi-
square test

The effect of the quantitative covariates on
survival was studied by regression analysis in
Cox proportional risks model. Hazard ratio (HR)
was calculated with 95 % CI.

The statistical significance was proved by com-
paring p values obtained with the critical accep-
tance/rejection level for statistical hypotheses o =
5 %. STATISTICA 64 ver.10.0.1011.0 StatSoft Inc
was used for the statistical processing of the data.

Results

1. Survival study

At the time of the survival analysis, 42 (71.19
%) of 59 patients died.

OS median in the cohort under study was 26.3
months (95 % CI 17 —45.5), RFS median — 12.9
months (95 % CI 8.4 — 25.6), SAR median — 9.8
months (95 % CI 6.7 — 24.4).

12-month OS was 93 % (95 % CI 86 — 100),
18-month OS — 68 % (95 % CI 56 — 80), 24-month
OS —55 % (95 % CI1 42 — 68).

6-month RFS was 84 % (95 % CI 74 — 93),
12-month RFS—52 % (95 % CI138—66); 18-month
RFS —52 % (95 % CI 38 — 66); 24-month RFS —
26 % (95 % CI 12 - 39).

For SAR, 3-month survival was 89 % (95 %
CI 82 — 97), 6-month survival — 77 % (95 % CS
67— 88), 12-month survival — 39 % (95 % CI 26 —
53), 18-month survival — 34 % (95 % CI 21 — 48),
24-month survival — 28 % (95 % CI 14 — 41).

The analysis of survival demonstrates the most
patients (77 %) survive not less than 6 months
following SRS RGBM, while more than half of
patients (56 %) survive 24 months following the
surgical resection of the primary tumor.
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Survival data in the cohort under study are
presented in Fig. 1-3.

2. Analysis of survival predictors

The design of the study envisaged to analyze
OS and SAR depending on several quantitative
and categorical factors: sex, age, performance
status (KI), combination of adjuvant RT with al-
kylating CHT, surgical resection of RGBM, type
of GBM recurrence, overall dose load for the
total courses of itradiation (BED ) and in SRS
(BED,; PD; TBD), number of SRS fractions,
volume of target in SRS, duration of RFS.

These factors were considered as such that
could affect potentially the survival parameters in
RGBM patients. This fact encouraged us to per-
form the corresponding analysis.

2.1. Analysis of survival according to bina-
ry predictors

OS and SAR were analyzed according to the
following predictors:

* Combination of adjuvant RT with alkylat-
ing CHT (Temozolomide 75 mg/m2): groups
“Adjuvant RT + concomitant CHT” vs “Adju-
vant RT without concomitant CHT”;

* Type of GBM recurrence: groups “Local re-
currence” vs “De novo solitary tumor + multi-
focal growth”;

* Number of SRS fractions: groups “one frac-
tion” vs “more than one fraction”;

» Sex: groups “males” vs “females”;

« BEDII in SRS RGBM: groups “>40.0 Gy” vs
“<40.0 Gy”;

« BEDI1 for overall courses of irradiation:
groups “>110.0 Gy” vs “< 110.0 Gy”’;

 Surgical resection of RGBM: groups “Surgi-
cal resection of RGBM” vs “Without surgical
resection of RGBM”

« Age: groups “< 45 years” vs “> 45 years”.
The results of the statistical analysis are given

in Table 2.

The analysis has not revealed the statistically
significant effects on survival (OS or SAR) of
the following factors: combination of adjuvant
RT with alkylating CHT, type of GBM recur-
rence (“Local recurrence” vs “De novo solitary
tumor + multifocal growth)”, number of SRS
fractions (“one fraction” vs “more than one frac-
tion”), sex, age (“< 45 years” vs “> 45 years”),
BEDI1 in SRS RGBM (“> 40.0 Gy” vs “<40.0
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Fig. 1. Kaplan-Meier curve of OS (in months) for retrospective
analysis of 59 RGBM patients

Fig. 2. Kaplan-Meier curve of RFS (in months) for retrospective
analysis of 59 RGBM patients
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Gy”), BEDI11 for overall courses of irradiation
(“>110.0 Gy” vs “< 110.0 Gy”).

The significance of the predictive value of
the sex as to OS (p = 0.05627) is borderline as
to the acceptance or rejection of null hypothesis.
It 1s probable that the increased number of ob-
servations could result in statistically significant
difference in OS between males and females (p
< 0.05). Therefore, this question requires fur-
ther analysis with increased number of patients
that should contribute to the increased statistical
power.

We have shown the statistically significant
difference in OS between groups “Surgical resec-
tion of RGBM” and “Without surgical resection
of RGBM” (p = 0.02711) with better outcome in
patients to whom the surgical resection of RGBM
has been performed. Nevertheless, no difference
in SAR between these groups has been demon-
strated (p = 0.36582). Further studies are required
to resolve this inconsistency. Since surgical re-
section of RGBM affects positively on OS, the
same effect could be supposed also for SAR with
increasing number of patients included into fur-
ther study.

2.2. Analysis of the effects of categorical fac-
tors on survival

According to the design of the study, we have
analyzed the effects of categorical factors (per-
formance status, type of GBM recurrence, age
group and RFS) on the survival.

We have not demonstrated the predictive val-
ue of the type of GBM recurrence as to OS when
OS of patients with local recurrence, de novo sol-
itary tumor and multifocal type progression was
compared (Chi-square = 1.750949; df = 2; p =
0.41667). Moreover, the type of recurrence was
not predictive for survival after SRS (Chi-square
=3.579759; df =2; p=0.16700).

The comparison of survival in groups strat-
ified according to their age (group I — < 45
years; group II — 45-59 years; group III — > 60
years) has not demonstrated statistically signifi-
cant difference both for OS (Chi-square
1.822209; df = 2; p = 0.40209) and for survival
after SRS (Chi-square = 2.296786; df = 2; p =
0.31716).

In contrast, the significant effect of per-
formance status (KI) on OS has been shown
(Chi-square = 12.88648; df = 2; p = 0.00159).
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Table 2. Analysis of the predictive value of studied factors on OS and SAR

Factor Calculation data
Combination of adjuvant RT with 0s Log-Rank Test WW =-1.052; Sum = 39.078; 073683
alkylating CHT: groups “Adjuvant Var =9.7979; Test statistic = -0.336057 p=7
RT + concomitant CHT” vs Los-Rank Test WW = 2.843: S 3042
“Adjuvant RT without itant Og-hank 1€s = -2.645; Sum = 55.42; _
o T ifhout concomitant | SAR vy~ 9 8842; Test statistic = - 0904326 p=0.36582
Type of GBM recurrence: groups | | Log-Rank Test WW =-2.564; Sum =39.078; | '_ 1
“Local recurrence” vs “De novo Var = 8.4276; Test statistic = -0.883379 p=v
solitary tumor + multifocal growth”
SAR Log-Rank Test WW =-3.401; Sum = 39.421; — 0.24350
Var = 8.5018; Test statistic =-1.16627 p="
Number of SRS fractions: groups Os | Log-Rank Test WW = 1.1857; Sum =39.078; | _ oo,
“one fraction” vs “more than one Var = 8.6788; Test statistic = 0.4024739 p=
fraction” Log-Rank Test WW = -0.8917; Sum = 39.421
og-Rank Tes =-0. ;oum = 55, 5 —
BAlR Var = 8.7552; Test statistic = -0.301355 9=l
Sex: groups “males” vs “females” Log-Rank Test WW = 6.0101 Sum = 39.078; B
O5 | Var=9.9121; Test statistic = 1.908977 p=0.05627
Log-Rank Test WW = 4.2980; Sum = 39.421; _
AR Var = 9.9994; Test statistic = 1.359195 9= Bl
BEDI1 in SRS RGBM: groups “> Os | Log-Rank Test WW =0.28047. Sum =39.078. | '_ o o-910
40.0 Gy” vs “< 40.0 Gy” Var = 9.9350; Test statistic = 0.0889822 p=
Log-Rank Test WW = 2.4034; Sum = 39.421; _
SAR | Var = 10.022; Test statistic = 0.7591867 p=0.48381
BEDII for overall courses of 0S Log-Rank Test WW = -2.165; Sum = 39.078; _ 0.48460
irradiation: groups “> 110.0 Gy” vs Var = 9.5924; Test statistic = -0.698928 p=0.
“<110.0 Gy”
Log-Rank Test WW =2.1781; Sum = 39.421; _
SAR | Var = 9.6768; Test statistic = 0.7001883 p=0.48381
Surgical resection of RGBM: groups os | Log-Rank Test): WW =4.7700; Sum =39.078; | _ 1571
“Surgical resection of RGBM” Var = 4.6592; Test statistic = 2.209868 p=v
vs “Without surgical resection of Loo-Rank Test WW — -2.843: S 39421
RGBM” og-Rank Tes =-2.843; Sum = 39.421; _
AR Var = 9.8842; Test statistic = -0.904326 9= 06582
Age: groups “< 45 years” vs “> 45 os |Log-Rank Test WW =3.8279 Sum = 39.078 — 0.20929
years” Var = 9.2955; Test statistic = 1.255516 p=5
Log-Rank Test WW = 2.5193; Sum = 39.421; _
SAR | Var = 9.3773; Test statistic = 0.8227000 p=0.41068

Significant difference in OS was also demon-
strated when OS was compared in three groups
of patients stratified according to RFS, namely,
RFS < 10 months; 10-20 months; > 20 months
(Chi-square = 1.750949; df = 2; p = 0.00066).
The median of OS in patients with KI = 70 was
17.1 months, KI = 80 — 26.6 months, KI = 90 —
39.1 months.

At the same time, neither the duration of re-
currence-free period, nor performance status af-
fected SAR (Chi-square = 1.468320; df =2; p =
0.47992 and Chi-square = 1.203675; df =2; p =
0.54781, respectively). The corresponding KM
curves were practically the same.

The results of the analysis are presented in
Fig. 4-7.
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Fig. 4. Kaplan-Meier curves of OS (in months) for

retrospective analysis of the cohort of 59 RGBM

patients depending on Karnofsky performance
status
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Fig. 5. Kaplan-Meier curves of SAR (in months)

for retrospective analysis of the cohort of

59 RGBM npatients depending on Karnofsky
performance status

Fig.6. Kaplan-Meier curves of OS (in months) for

retrospective analysis of the cohort of 59 RGBM

patients depending on the time to recurrence with

stratification in three groups: RFS < 10 months;
10-20 months; > 20 months

Fig. 7. Kaplan-Meier curves of SAR (in months)
for retrospective analysis of the cohort of 59
RGBM patients depending on the time to
recurrence with stratification in three groups:
RFS < 10 months; 10-20 months; > 20 months

2.3. Analysis of the effects of quantitative
covariates on survival

The Cox proportional risk model was used for
analyzing the effect of quantitative covariates on
the survival. According to the design of the study,
we have analyzed the effects of the following
covariates: age, duration of recurrence-free peri-
od, number of SRS fractions, SRS RGBM dose
(PD, TBD, BED,,), BED,, for overall courses of
irradiation, SRS target volume. The results of the
corresponding statistical calculations are given in
Tables 2 and 3.

Only RFS demonstrated the significant impact
on OS in the cohort under study (HR 0.97; 95 %
CI10.94 —0.99, p = 0.009391). For other covari-
ates, no statistically significant effect on survival
risks has been demonstrated.

Radiotoxicity following SRS

All patients tolerated well SRS. No cases of
severe radiotoxicity grade > 2 according to CTC
(Common Terminology Criteria for Adverse
Events (CTCAE — Version 5.0) (Freites-Martinez
et al., 2021) was registered.
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Discussion

RGBM prognosis is the most desperate in
neuro-oncology. Meanwhile, there is still no con-
sensus as to the standards of treatment of such
patients. One of the reasons is the absence of the
highly effective therapies with the acceptable
toxicity profile. When the strategy of treatment is
elaborated, such factors as the previous therapy,
age of patient, performance status, status of the
methylation of the promoter of MGMT gene, and
the feature of the progression of the disease are
conventionally considered (Weller et al., 2021).
Nevertheless, certain evidence in favor of the
usefulness of the repeated irradiation in RGBM
currently exists. SRS RGBM as the repeated irra-
diation following the first RT course is deemed as
one of the most promising method for treatment
of such patients allowing for improving their sur-
vival. Nevertheless, the randomized clinical trials
are required for elucidating the optimal treatment
strategy (Garcia-Cabezas et al., 2021).

SRS as the technique for RGBM treatment has
been known for more than two decades. Firstly,
SRS is promising due to its noninvasiveness.
Moreover, SRS allows delivering a dose with
high submillimeter precision providing for the
high dose gradient at the border between the ir-
radiated target and the adjacent tissues with min-
imal neurotoxicity. This is of peculiar importance
since these patients have already received high
radiation dose during the first course of RT. After
all, other non-invasive alternatives are not avail-
able. As to such non-invasive technique as low
intensity alternating electric fields (Tumor-treat-
ing fields, TTF), this method is not highly avail-
able (Lovo et al., 2021).

In 1995, one of the first studies devoted to the
use of SRS for RGBM treatment analyzed the
outcome of SRS treatment in 35 patients with
recurrent malignant glioma (26 GB multiforme
and 9 anaplastic gliomas; mean volume of irradi-
ated target 28 cm?) (Hall et al., 1995). OS in this
cohort was 21 months with survival after SRS —
8 months. Young age of the patient represented
the predictive factor of better survival in both
univariate and multivariate analysis. Improved
survival was associated with better performance
status (KI) in univariate analysis. Nevertheless,
such factors as histological type of tumor, target
volume or dose did not affect survival. Radiation
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ISSN 2311-6951

necrosis rate was 14 % and the number of the
surgeries due to symptomatic necrosis was lower
than after brachitherapy.

In the study by German authors (Combs et
al., 2005), survival rate after SRS RGBM was
somehow higher. In a group of 32 patients with
RGBM, median of OS was 22 months and medi-
an of survival after SRS — 10 months (the medi-
an follow-up time was 13 months). The survival
rate at one year was 90 %, and 49 % and 26 %
at 2 and 3 years. 6-month and 12-month survival
following SRS was 72 % and 28 %, respective-
ly. The median of progression-free survival fol-
lowing SRS was 7 months. The profile of SRS
toxicity was acceptable. No severe cases of acute
radiation toxicity (grade >2) or severe long-term
toxicities including radionecrosis were observed.

It should be emphasized that both studies
above were published before the large-scale im-
plementation of Stupp protocol of alkylating CHT
with Temozolomide into neurooncological prac-
tice (Stupp et al., 2005). The use of Temozolo-
mide in concomitant and adjuvant regimens al-
lows increasing two-year OS in GBM patients to
26.5 % as compared to 10.4 % for postoperative
RT as single treatment modality. Nevertheless, if
one checks these data against those obtained with
SRS in RBGM, a credit should be given to the
contribution of the improved radiation technolo-
gies into the increasing survival of such patients.

In this context, the study by Ohgaki et al., 2004
that presented results of the population study of
the GBM patients’ survival in Zurich canton is
worthwhile noticing. Among 715 patients treat-
ed in 1980-1994, one-year survival amounted to
17.7 % while two-year survival — only 3.3 %.

Niranjan et al., 2018 analyzed 297 histologi-
cally confirmed RGBM cases treated by Gamma
knife in Pittsburgh, USA. Retrospective analysis
demonstrated OS median of 18 months and one-
year and two-year survival — 72.5 % and 29.5 %,
respectively. The survival median after SRS was
9 months. Among significant predictors were tar-
get volume < 14 cm3, dose > 15 Gy and age of
patients < 60 years. The side reactions were ob-
served in 23 % of cases. In most cases, they were
controlled by corticosteroids.

Along with several clinical reports on the re-
peated irradiation treatment of RGBM, including
SRS, there are some publications on contain-
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ing meta-analyses of the current experience in
the field. In recent study, the database compris-
ing 2095 RGBM patients who were subjected
to the re-irradiation in 1998-2018 due to GBM
recurrence/progression was analyzed (Kazmi
et al.,, 2019). Meta-analysis demonstrated that
6-month survival following irradiation was 73 %
and 12-month survival — 36 %. Irradiation with
<5 fractions was associated with higher 6-month
progression-free survival (47 % vs 26 %,
P = 0.005) that is in favor of radiosurgical treat-
ment approaches in RGBM. In general, the toxic-
ity of re-irradiation was acceptable, although the
data presented ion different studies varied. There-
fore, according to meta-analysis data, re-irradia-
tion of RGBM provides for the acceptable con-
trol of the disease and acceptable survival levels.

Our data on survival following SRS RGBM are
quite comparable to that of other authors. Namely,
OS median was 26.3 months (95 % CI 17 —45.5),
RFS median was 12.9 months (95 % CI 8.4 —25.6),
SAR median — 9.8 months (95% CI 6.7 — 24.4).
Two-year survival of patients in our study was 56
% (95 % CI 42 — 68); one-year survival —39 % (95
% CI26 —53). These data are similar to those pre-
sented in both clinical reports and meta-analyses.
Our analysis of the survival predictors deserves
special attention. We have demonstrated that only
surgical resection of RGBM, performance status
before SRS and duration of recurrence-free period
are predictors of better OS. No factors under study
affected SAR that was rather unexpected. Such re-
sults are somehow related to the results presented
by Combs et al., 2005, who did not find the associ-
ation between any of studied factors (age, perfor-
mance status, extent of respectability of primary
tumor, duration of recurrence-free period, class
according to RPA classification, PTV volume) and
survival values.

It is logical to assume that both our data and
the findings presented by other teams are in favor
of the concept claiming the priority of the prima-
ry biological properties of the tumors in defin-
ing the survival of GBM patients independently
of treatment modalities. Although irradiation of
GBM is advantageous regarding the improve-
ment of the survival, one could also suppose that
re-irradiation of the recurrent malignant glioma
triggers some changes in its biological properties
offsetting the potential effects on survival exert-
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ed by several factors that had predictive survival

value before re-irradiation.

To sum up, both our own data and the data by
other authors demonstrate the suitability of SRS
in the treatment of RGBM. This therapeutic mo-
dality could be considered as the appreciable fac-
tor of the current progress in RGBM treatment.
Nevertheless, the optimization of the approaches
in RGBM treatment remains the urgent problem
in neuro-oncology inciting to further studies in
the field.

Conclusions
1. OS median following SRS RGBM was 26.3

months (95 % CI 17 —45.5), RFS median was

12.9 months (95 % CI 8.4 — 25.6), SAR medi-

an — 9.8 months (95 % CI1 6.7 — 24.4).

2. Two-year OS in our study was 56 %. 6-month
survival after SRS —77 %; one-year survival
after SRS — 39 %, and two-year survival after
SRS — 28 %.

3. The significant effect of performance status
(p = 0.00159), duration of recurrence-free pe-
riod (p = 0.02711) and surgical resection of
RGBM (p =0.009391) on the OS was demon-
strated. The best OS was shown for the pa-
tients with KI 90, recurrence occurring after
more than 20 months and previous surgical re-
section of RGBM. The effects of other factors
on OS were not demonstrated.

4. No significant impact on SAR of such factors
as age, sex, KI, combination of the adjuvant
RT with alkylating CTH, surgical resection of
RGBM, type of recurrence, number of SRS
fractions, BED,, in SRS RGBM, BED , for
overall courses of irradiation, SRS target vol-
ume was demonstrated.

5. Radiosurgery is non-invasive method for
RGBM treatment that allows for improving
the survival without significant radiation tox-
icity. Primary biological properties of the tu-
mor seem to be of priority in determining the
survival of RGBM patients.

6. Although irradiation of GBM is advantageous
regarding the improvement of the survival,
one could also suppose that re-irradiation of
the recurrent malignant glioma triggers some
changes in its biological properties offsetting
the potential effects on survival exerted by
several factors that had predictive survival
value before re-irradiation.
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BuzkuBaHnicTh micJisi pagioxipypriusoro JJikyBaHHsI pellUAMBHUX J1i00J1aCTOM
Y XBOPHUX i3 PAIHKAJBbHOI0 Pe3eKI[i€I0 MEPBUHHOI Iy XJIUHHA

I'psizoB Annpiii', [maBaubkuii Osexcanap’, 3emckoBa Okcana', I'psizoB Anapiii’,
Yysamosa Oabra', Xmeabuunbkuii lenaniii', [llyoa Ipuna’, Kpyuok Ipuna’, [lleBennoB
Maxkcum', CtyJeii Boaogumup?

! lepkaBHa ycraHoBa «IHCTUTYT Heltpoxipypril iM. akaa. A.Il. PomoganoBa HAMH Vkpainmy,
KuiB, Ykpaina

? [acTutyT npukinaaHoro cucremMHoro aHanizy HTYVY «KIII imeni 1. Cukopcbkoro», Kuis,
VYkpaina

AHoranis: rmiobnacroma (I'B) — e arpecuBHa myxJiMHa, 110 XapaKTEPU3YEThCS BUCOKUM PiBHEM
peLMINBYBaHHS Ta MPU3BOIUTH 0 CMEPTi OLIBIIOCTI XBOpUX depe3 15—18 micsiiB miciis BCTaHOB-
JeHHs IiarHo3y. @akropamu, 110 acOIIOIOTHCS 3 OLIBII TPUBAIOIO BIKUBaHICTIO XBopuX Ha ['B, € Bik
10 50 pokiB, Kpaluil pyHKIIOHAIBHUN CTAaTyC Ta paJvKajibHa pPe3eKiis NEPBUHHOI MyXJIUHU. OnTH-
MaJibHe JIKyBaHHS pHU peuuuBi abo nporpecyBanHi I'b 10 11boro yacy He BU3HaY€HO Ta 3ajMIIa-
€ThCS CKJIATHOI0 TIpodiiemoro. Crepeorakcuuna paaioxipypris (CPX) € MeTomom mperu3iifHoro BUCO-
KOTEXHOJIOTTYHOTO OMPOMiIHEHHS, 1110 PO3IVISIIA€THCS ChOTOAHI SIK TepareBTHUYHA OMIlisi €)eKTUBHOTO
BITUBY HA PELUUINBHI 31I0SIKICHI ITTiOMU. METO0 JAHOTO PETPOCHIEKTUBHOTO IOCTIIKEHHS OyB aHami3
BrkuBaHocTi micnss CPX peunausHoi I'b B koropti 59 xBopux, kUM Oysi0 IPOBEIEHO PaAUKAIbHY
pe3eKIlio MepBUHHOI MyXIuHH. J{ocimkyBaHa koropTa ckianaiach 3 59 xsopux (28 / 47,5% xiHOK
ta 31 /52,5% 4vomnoBiKkiB); cepeaHii Bik B 3arajbHii rpymi ckias 51 pik (intepsan 24 — 81). CPX mpo-
BOJWIIOCH Ha JiHiitHOMY nipuckopioBaui «Trilogy» (CILA) (6 MeV) B nepiox 3 2014 p. mo 2020p. B
Hep:xaBHiii ycTaHoBi «[HCTUTYT Helpoxipyprii im. akan. A.Il. PomonanoBa HAMH VYkpaiam». B ycix
Bunaakax niarao3 I'b 4 crymnenro 3a kinacudikamiero BOO3 OyB miaTBepxeHIi TaToMOp(oI0TriaHO
Iicis pe3eKiii NepBUHHOI MyxJuHU. BeiMm 59 xBopum Oynio mpoBeieHO MakcUMalbHe Oe3NeuHe BU-
JaJICHHS IEPBUHHOT MyXJIMHHU B PaIMKAIBHOMY 00’ €Mi: B TIEPEBaXHIN KUTBKOCTI CITOCTEPEXEHb (54 /
91,5%) — no nepudoxkanbHii 30Hi; B 5 / 8,5% Bumnaakax — cy0ToranabHo. B ycix 59 Bunagkax xBopum
OyJ10 MPOBEICHO aJ]’ FOBAaHTHE IIPOMEHEBE JIIKYBaHHS MiCII BUAAJICHHS IEPBUHHOI MyXJIMHU (CyMapHa
Boruuinesa go3a (CBJ) 60 I'p, 30 ¢pakuiit), sxe B 33 Bunagkax Oysa0 noeaHane 3 ankiaorwyowo XT
(Temozomomin 75 mr/m?). Y 31/ 52,5 % xBoporo micis 3aBepiieHHs. KoHkoMiTanTHOT X T mpomoB-
xunock XT mikyBanHs (Temo3zoiomin 150-200 mr/ m?). ¥V 6inbmiocti cioctepexens (51 / 86,4 %)
PI'b Gy1n0 niarHOCTOBAHO 3a CYKYIHICTIO KIIIHIKO-paAioNoriyHux o3Hak; y 8 / 13,6 % xBopux — mna-
TOMOP(OJIOTIUHO, MIiCJIA MOBTOPHOTO XIPYpridyHOTo BTpydaHHs. KiHIIEBUMU TOYKaMU JOCHTIKESHHS
Oynu 3aranbpHa BKuBaHICTh (3B), 6e3pennauBHa (OesnporpecuBHa) BuxkuBaHicTh (BPB) Ta Brxu-
BaHICTh micisg HacTaHHs peunauBy (BIIP). BuBuaBcs BIiMB Ha BUKMBAHICTh HACTYITHUX KUTbKICHUX
Ta KaTeropiajJbHUX (aKTOPIB: CTaTh, BiK, (PyHKIIOHAIBHUHN cTaTyC, moeqHaHHs aj’toBaHTHOI [1T 3
ankumorouoro XT, xipypriune Buganeras PI'b, Tun penmnusyBanus I'b, 1o30Be HaBaHTakeHHsI 3a BCi
KypcHU ONPOMiHEHHs CyMapHO (3a Gionoridno-edexruBHOI0 103010 (BED ) Ta npu CPX, KilbKiCTh
¢bpaxuiit CPX, 06’em mimeni CPX, tepmin 6e3penuanBHoro nepiony/smxusanocti (bPB). Bruius Ha
BIDKMBAHICTh Takoro ¢dakropy sk bPB mocmimkyBaBces MIIgsxoM po3noijIeHHs KOTOPTH Ha TPU He3a-
JISKHI TPYIH B 3aJIGKHOCTI BijJl TPUBAJIOCTI Oe3pernuauBHoro nepiony: rpymna [ — BPB < 10 micsis;
rpyna Il — BPB Bix 10 qo 20 micsiis; rpyna I1I — BPB > 20 micsmiB. BuxuBanicTh XBopux OyJia mpo-
aHaiizoBaHa metogoM Kammana-Maiiepa (KM). Jlorapudmidyauii paHroBHid TeCT (IU1s1 TOPIBHSHHS
KM KpHuBHX BHXHMBAHOCTI JUISl PI3HUX TOCHIIKYBAHUX T'PYM) BUKOPUCTOBYBAJIN JIsi JOCHIKESHHS
BIKMBAHOCTI 3a OiHapHUMU npenukropamu. [1opiBHSHHS BIUIMBY JAEKUIBKOX KaTeropialbHUX (hak-
TOPiB Ha BM)KUBAHICTh 3IIHCHIOBAIOCH 3a jomoMoroio y>-tecty (Pearson Chi-square test). J[ns mo-
CJTIJDKEHHS BIUTMBY Ha BWKHMBAHICTh KUTBKICHMX KOBapiaT BUKOPHUCTOBYBAJIM PETPECIMHMIA aHAI3 3a
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MoJeuTIo TponopiiHux pusukiB Kokca. CriBBigHomenns pusukis (hazard ratio, HR) po3paxoBano
3 95% noBipunmu iHTepBanamu (/11). B pe3ynsraTi npoBeaeHoro anamisy Oyjino BUSBICHO HACTYITHE.
Meniana 3B micinss CPX PI'b cknana 26,3 micsmis (95% I 17 — 45,5), meniana BPB — 12,9 micsmiB
(95% 11 8,4 —25,6) , meniana BIIP — 9,8 micsauis (95% /1 6,7 — 24,4). IBopiuna 3B Oyna nocarayra
Oinb1I0t0 MoNoBUHOK (56%) xBopux. [licna CPX 6-micsuna BuxkUBaHICTH ckiana 77%. OauH pik
nicist CPX PI'b mposkunu 39% xBopux, aa poku micist CPX — 28% xBopux. Taki paxkropu sik GpyHK-
nioHansHUM craryc 3a inaekcom Kapuaoscbkoro (IK) mpu CPX PI'b (p = 0,00159), tpuBanicts 6e3-
peuuauBHoro nepioxy (p = 0,02711) ta npoBeaenns xipypriunoro Buganensus PI'b (p = 0,009391)
MIPOAEMOHCTPYBAIM CTaTUCTUYHO 3Hauyl il BB Ha 3B. Haiikpaury 3B y BuGipui manu xBopi 13
90 6amamu 3a IK; 3a ymoBu Hactanus peruauBy I'b micis 20 micsmiB i npu BukoHaHH1 pesekuii PI'B.
[Hmi qocmimkeni pakTopu He MoKa3zaiy 3Hadymoro BiumBy Ha 3B. He Oyro 3a¢ikcoBano craructuy-
HO 3HauyIoro BIuMBy Ha BIIP jkoqHOTrO 13 HACTYNHUX JOCTIIKYBaHUX (DAaKTOPIB: CTATh, BIK, (PyHK-
nioHanpHUM cTaryc 3a IK, npoBenenns ax’toBanTHOI [T 3 ankimorouoro XT, Xipypriude BUAageHHS
PI'b, Tun penunuByBanHs I'b, 1030Be HaBaHTa)keHHs 3a BC1 KypCH OIPOMIHEHHSI CyMapHO (BED1 )
ta mpu CPX (BED, ; TI/; CBJI), kinbkicts dpakuiti CPX, 06’em mimeni CPX, BPB. Xoua i xBopi 3
PI'b BigHOCATHCS 10 OAHI€T 3 HAHMEHII OOHAAIMIMBUX 11010 POTHO3Y KAaTEropiii B HEHPOOHKOJIOT ],
OTpHUMaHi HaMHU JaHi MIATBEPIKYIOTh TOLUIBHICTh 3acTocyBaHHA CPX 3 MeTOI0 MOIOBXKEHHS BUXKHU-
BAaHOCTI TaKWX TAIlI€EHTIB Ta CBIYaTh MPO BiJCYTHICTh aCOIIMOBAHOI TSXKKOI MMPOMEHEBOI TOKCHY-
HocTi. [lepBuHHI 61070TIYHI BIACTUBOCTI MYXJIMHU UMOBIPHO BIITPAIOTh MPIOPUTETHY POJb MO0
BIIUBY Ha BH>KMBaHICTh XBOpUX 13 PI'B. Onpominenns PI'b npuzBonuts 1o 3611bmenns BIIP. Ipote
HE MO)KHA BUKJIIOUUTH, 1110 3MIHH, sIK1 B110YBalOThCs y 0610J10T11 pELUAUBHOI 3105KICHOT INIIOMHU TICIIS
MTOBTOPHOTO OTIPOMIHEHHS, MOXKYTh HiBEJIOBAaTH IOTEHIIIHII BIUTMB HA BIDKUBAHICTh TUX (PaKTOPIB,
10 MaJIF MPEIUKTUBHY I[IHHICTH JI0 TIOBTOPHOTO ONPOMiHEHHSI.

Ki1r040Bi ci10Ba: HOBOyTBOPEHHS, 37I05IKiCHA ITTioMa, TIio01acToMa, HeMpoXipypriuHi BTpydaHHs,
peLuanB, paaioXipyprisi, BUKHUBAHICTb.
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