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Objective: to evaluate the effectiveness of stereotactic radiosurgery as a
therapy method taking into account overall survival in patients with recurrent
glioblastoma at all stages of treatment.

Materials and methods. A sample of patients (66 ailments) who were treated
in 2016-2021 with a molecularly confirmed diagnosis of wild-type glioblastoma
was analyzed. Only patients, who, were treated in several stages and as a rule,
underwent stereotaxic radiosurgery (SRS), or SRS alone after a biopsy, or
SRS in case of relapse, after surgery and radiotherapy, or SRS for subsequent
relapses were selected. When evaluating the results, the following were taken
into account: 1) age at the diagnosis, 2) volume of surgical resection, 3) use
of radiation therapy, 4) use of adjuvant chemotherapy after SRS and response
evluation criteria in solid tumors. Overall survival (OS) was assessed after
diagnosis and at the time of SRS.

Results. Patients received SRS at an average 10 months after initial diagnosis.
Median duration of follow-up was 8 months after SRS and 12 months after
diagnosis, median OS for all patients was nine months (1 to 42 months)
after SRS and 20 months (4 to 64 months) respectively. The median survival
after SRS was 9 months (p=0.008; x*=7.008). The median OS for younger
patients (<50 years) was 32.5 months, for elderly patients (>50 years) was
14.8 months (p=0.04; ¥>=3.870). The median overall survival rate was 32.2
months in patients who received SRS 10 months after the diagnosis was
made, and 16 months in those who received SRS earlier than 10 months
(p=0.004, »?=8.145). Radiosurgical doses =15 Gy were correlated with a
mean survival rate of nine months and seven months in patients treated at
doses <15 Gy (p=0.01; y>=6.756). In patients who received adjuvant therapy
with bevacizumab and/or chemotherapy after SRS, the median OS was 12
months, in patients who did not receive additional therapy after SRS, it was
7 months (p=0.04, x*=4.19).

Conclusions. Stereotactic radiosurgery promotes the effectiveness of
glioblastoma treatment due to the possibility of carrying out this method at
various stages of treatment. The overall survival of our patients depended on
the period of SRS after diagnosis, patient age, radiation dose, and adjuvant
chemotherapy.

Keywords: recurrent glioblastoma,; stereotactic radiosurgery,; radiation
therapy,; neurosurgery; chemotherapy

Introduction

Methods of treatment for tumor recurrence include

Glioblastoma (GBM) is the most common and
dangerous primary malignant neoplasm of the
central nervous system [1]. Due to its aggressive
and infiltrative nature and complexity of the
pathophysiology, GBM is one of the most difficult
tumors to treat [2]. This tumor almost always recurs,
with a progression-free survival (PFS) usually of <9
months and a survival of 12 to 16 months regardless
of combined treatment strategies (aggressive surgical
resection, chemotherapy, and radiotherapy). Only few
patients survive 2.5 years and less than 5% - survive
5 years following diagnosis [4,5].

surgery, radiosurgery, targeted and immunotherapy.
Recurrence is associated with almost universal mortality.
Median survival after recurrence ranges from 9 to 20
months [6-8], depending on the treatment strategy.
Due to the lack of standard guidelines for the
treatment of recurrent glioblastoma, there are different
approaches to therapy. Bevacizumab (BEV), a humanized
monoclonal antibody against vascular endothelial
growth factor (VEGF), and temozolomide introduced
into standard therapy, although did not increase overall
survival (0S), but did improve PFS [7,9]. Resection of
recurrent GBM is an alternative, but surgery alone is
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insufficient for control due to the infiltrative nature of the
disease. In addition, GBM often spreads to other areas of
the patient's brain, exacerbating the initial neurological
or physiological status, limiting surgical approach [10],
but potential cumulative toxicity and risk of radiation
necrosis limit the regular use of radiation therapy [11].

Stereotactic radiosurgery (SRS) has been studied for
more than 20 years as a treatment method for recurrent
GBM. Only one prospective, randomized trial has been
published that examined the effect of SRS, given in
addition to conventional remote radiotherapy, on survival
in patients with newly diagnosed GBM. The authors found
no benefit for patients when SRS was administered as
a booster therapy compared to standard radiation and
carmustine (BCNU) [12]. The evidence regarding SRS in
tumor recurrence does not provide a reason to make SRS
a standard practice [6,13-16]. Stereotactic radiosurgery
appears to be an attractive alternative due to minimal
invasiveness in case of focal recurrences. In addition,
submillimetre precision of SRS and steep dose gradient
are considered to be useful in case of recurrence, since
high dose radiation has previously been used and some
non-invasive alternatives (tumor treatment fields (TTF))
are not widely available.

Objective: to evaluate the effectiveness of
stereotactic radiosurgery as a therapy method taking
into account overall survival in patients with recurrent
glioblastoma at all stages of treatment.

Materials and methods
Study participants

Table 1. Characteristics of the patient group (n=66)
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The results of treatment of patients who received
SRS for GBM in the period from 2016 to 2021 at the
Institute of Neurosurgery named after Acad. A.P.
Romodanov, Ukraine were analyzed.

Informed and voluntary written consent to participate
in the study was obtained from all patients.

The study was approved by by the Committee on
Ethics and Bioethics of the Institute of Neurosurgery
named after Acad. A. P. Romodanov, Ukraine (Minutes
N22 dated 15.04. 2019).

Inclusion criteria:

1. Verified diagnosis of GBM.

2. Method of treatment - SRS.

Characteristics of the group

Stereotactic radiosurgery of GBM was performed in
66 patients aged 30 to 86 years (mean age - 60 years).
Among the patients, men predominated (40). The tumor
size was from 1.8 to 6.4 cm, the volume - from 6 to 30
cm? (average volume - 12 cm?3) (Table 1).

Study design

Tumors were irradiated in 5 directions according to
the Dyn Arc technique and in 8-12 directions according
to the IMRT technique, depending on the beamlets
parameters. The most commonly used technique was
Dyn Arc+ IMRT.

In the case of single-fraction SRS, the average dose
was 15 Gy, in the case of hypofractionated SRS, the total
radiation dose was from 40 to 60 Gy (median - 30 Gy),
administered in 3-5 fractions depending on the size of
the tumor. Dose per fraction was from 4 to 8 Gy. The
maximum number of fractions depended on the size and
localization of the tumor.

Indicator Value

Value

Male 40 (60,6%)
Female 26 (39,3%)
Age, years:
minimum 30
maximum 80

Extent of surgery:
Total resection
Limited resection
biopsy

26 (42,4%)
30 (45,4%)
8 (12,1%)

Radiation therapy after surgery

66 (100%)

Temozolomide

26 (39,3%)

Temozolomide + BEV

10 (15,1%)

Time between diagnosis, recurrence and SRS, months* 10 (1-64)

BEB dose for one fraction when multiple fractions were delivered using a/B 10, 15 (10-40)
Gy

Tumor volume, sm3* 12 (6-30)

Notes: BED - biological effective dose; BEV - bevacizumab. * — Arithmetic mean, minimum and maximum

values are given.
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The tumor was contoured by combining magnetic
resonance images, which were transmitted to the
planning station and superimposed on computer
tomography scans of the patient in a thermoplastic mask.
Macroscopic tumor volume was determined at the Brain
LAB planning station. Irradiation volume was calculated
from the gross tumor volume (GTV) + 5 mm of intact
surrounding tissue. The planning target volume (PTV)
was limited by the 90% isodose curve.

Statistical analysis

Median OS was estimated using Kaplan-Meier survival
analysis. The patient's age, gender, radiosurgical dose,
tumor volume, and the use of adjuvant chemotherapy
were taken into account. The results of comparisons
were considered statistically significant when the value
of margin of error probability (p) was <0.05.

Results and discussion

Patients received SRS at an average in 10 months
(from 1 to 64 months) after diagnosis. The median
follow-up was 8 months after SRS and 12 months after
diagnosis.

Single lesions were treated in 50 (75.7%) patients,
the rest had multiple lesions. Due to tumor recurrence,
10 (15.1%) patients received a second SRS session. Only
4 (6.0%) patients underwent SRS.

Ukrainian Neurosurgical Journal. Vol. 28, N2, 2022

The average period between the first and second
treatment was 5 months (from 1 to 40 months). The
median prescribed dose was 15 Gy (10 to 40 Gy).

Median OS for all patients was 9 months (1 to 42
months, p=0.008, x>=7.008) after SRS and 20 months
(4 to 64 months) after diagnosis. Median OS for younger
patients (<50 years) was 32.5 months, for elderly ones
(=50 years) was 14.8 months (p=0.04, x*=3.870) (Fig. 1).

Median OS was 32.2 months in patients who received
SRS 10 months after diagnosis, those who received SRS
earlier than 10 months had a median OS of 16 months
(p=0.004, ¢?>=8.145) (Fig. 2).

Radiosurgical doses >15 Gy were correlated with
mean survival of 9 months, doses <15 Gy were correlated
with mean survival of 7 months (p=0.01, ¥?=6.756)
(Fig. 3).

Patients who received adjuvant bevacizumab (BEV)
and/or chemotherapy after SRS had a median survival
of 12 months compared to 7 months in patients who did
not receive any additional therapy after SRS (p=0.04,
x*=4 ,19) (Fig. 4).

It was established that the tumor volume did not
affect the median OS (p=0.494, p=0.08 and p=0.622,
respectively).

The prognosis for GBM, despite multimodal
treatment methods (surgery, radiation therapy, and
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chemotherapy), remains unfavorable. The disease is
characterized by aggressive local invasion. Recurrences
in most cases occur proximal to the original focus of
the tumor. Therefore, approaches such as surgery,
SRS alone (Figures 5 and 6), or SRS with additional
treatment options have been explored. Various survival
rates were obtained. Independent predictors of survival
in patients with GBM who received SRS were evaluated to
determine their effect on median OS, in particular dose,
duration of SRS after diagnosis and age.

Median OS was longer in patients treated earlier,
although the difference was not statistically significant
(35.3 and 29.5 months, p=0.415). The OS of patients
who received SRS with concomitant chemotherapy and
those who received SRS alone was compared (Figures
7 and 8).

Some studies that have evaluated outcomes of
patients receiving BEV in combination with SRS and
compared them with patients receiving SRS alone, it was
found that the first group had higher PFS and OS (median
PFS was 5.2 and 2.1 months, median OS was 11.2 and
2.1 months) [16,17]. In the case of adjuvant therapy
with bevacizumab during re-irradiation for recurrent
GBM in 25 patients, median PFS was 7.3 months, median
0OS was 12.4 months [17]. A dose-escalation study of
single-fraction radiosurgery for GBM recurrence in the
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course of BEV therapy demonstrated that BEV treatment
10-14 days before SRS was associated with a decrease
in mean lesion volume from 4.7 to 2.86 cm? (p=0.103).
The median PFS and OS were 7.5 and 12 months,
respectively [2].

In our study, the median OS was 12 months in
patients who received mainly adjuvant SRS therapy with
BEV and less often temozolomide, and 7 months in those
who did not receive any adjuvant therapy (p=0.04).

Bevacizumab as an anti-VEGF has been shown to
reduce interstitial fluid pressure and tumor vascular
normalization network. It also reduces edema and
prevents radionecrosis after SRS [18-21]. The
combination of SRS with BEV has a double effect on
endothelial cells: SRS is cytotoxic for vascular cells,
high irradiation doses cause microvascular endothelial
apoptosis, and BEV increases endothelial cells sensitivity
to high irradiation doses [22]. In addition, high doses of
SRS have an ablative effect on vascular endothelial cells,
which exceeds that of radiation therapy [23].

The time between surgery and SRS/recurrence was
considered to be an independent factor associated with
0OS. A strong relationship between the time between
surgery and SRS and OS after SRS was established.
Patients with a longer interval (>20.2 months) had
better survival (median OS - 15.1 months, p=0.001)
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Fig. 5. A 55-year-old patient. According to biopsy data, glioblastoma was detected. Single fraction SRS was
performed. Magnetic resonance therapy before SRS (A) and after SRS: after 1 week (B), 3 weeks (C) and 4 weeks (D).
Radiomodification with Trikasaid (metronidazole). Subsequently, 10 sessions of chemotherapy (temozolamide) were
performed. Complete response to treatment. Tumor growth control was achieved. Relapse-free period is 37 months

Fig. 6. The same patient. Magnetic
resonance therapy: A and B -
T1-weighted images; C - T2-weighted
images; D - computed tomography,
perfusion. Three years after
radiosurgery and chemotherapy with
temozolamide, a large size multifocal
glioblastoma growth is observed on
the opposite side. Hypofractionated
repeat SRS was performed
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compared to those who underwent SRS 15-20 months
after surgery (median OS - 8.3 months) [6]. In this
series, it was also found that a longer period (>10
months) between the diagnosis and SRS was correlated
with a longer OS (Fig. 9).

Median survival was 36.2 months in patients who
received SRS 10 months after diagnosis, and 15.0
months in those who received SRS within 10 months
after diagnosis (p=0.004). The length of time between
diagnosis and SRS did not affect the median OS after
SRS (p=0.364). Other authors report that the length of
time from initial diagnosis to SRS was not correlated with
OS to SRS [16]. We agree with B.S. Imber et al. [6] that
in patients with a longer period to recurrence, tumor
progression occurs more slowly, and consequently,
the course of the disease is somewhat slower. In
contrast, patients treated for recurrence earlier than
10 months may have a more aggressive tumor and
tumor recurrence with rapid growth. No differences
in demographic characteristics, type of microsurgical
resection, or method of radiation therapy explain the
following results.

Glioblastoma is more commonly diagnosed between
the ages of 55 and 85. In the United States, the average
age of onset is 64 years. Age of patients with GBM and
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Fig. 7. The patient is 51 years old.
Condition after glioblastoma removal
and SRS. Local recurrence after 18
months: A - magnetic resonance therapy,
T1-weighted image with contrast; B -
computed tomography, perfusion (image
of blood flow volume). The focus of
glioblastoma recurrence. Single fraction
SRS with concomitant chemotherapy
was performed (on the site of recurrence
with a volume of 2.2 cm3 - 18 Gy)

Fig. 8. The same patient. The condition
6 months after SRS of glioblastoma
recurrence: A — magnetic resonance
therapy. The focus is not visualized in

a T1-weighted image with contrast;

B - computed tomography. Blood flow
volume and blood flow velocity are low
(hypoperfusion). The recurrence-free
period is 11 months

comorbidities may predict survival and the likelihood that
patients will receive and endure aggressive treatment.
Some authors report age as an important prognostic
variable. Thus, younger patients (<60 years old) at the
time of diagnosis had a higher survival rate [24].

In other studies, it was reported that in patients
younger than 50 years by the time of radiosurgery, the
OS after SRS improved [6,16]. Median OS for younger
patients (<50 years) was 37.1 months, for elderly
patients (=50 years) was 18.6 months (p=0.04).

Although the age of patients did not significantly
affect the median survival after SRS, the 6-month
difference in this indicator in our study is a good result,
given prognosis of the disease. Our data are consistent
with literature data [25-29].

Despite survival rates after diagnosis or SRS,
most authors have found that younger age correlates
with improved survival. Younger patients may tolerate
procedures better and presumably have a better
prognosis.

The patient's general condition may be a better
predictor of tolerability and survival than age at diagnosis
[9], which can also be considered in younger populations.
In our patients, there was no significant relationship
with the Karnofsky index in the case of SRS (p=0.165).
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The dose and number of radiation fractions and
prescribing concomitant therapy are chosen taking into
account the molecular status of the tumor, the patient's
general condition, tumor volume, preliminary radiation
doses.

Example

Diagnosis: Intracerebral tumor of the left occipital
region (glioblastoma) IDH-wildtype, MGMT. Condition
after surgical removal of the tumor and radiotherapy. Local
recurrence. Pathohistological and immunohistochemical
conclusion N2 13SP114926: glioblastoma WHO Gr 1V,
ICD-0 9440/3), IDH-wildtype.

Initiation of irradiation. Concomitant
chemotherapy: temozolomide N20 140 mg per os.
Irradiation target is the recurrence zone and perifocal
tissue in the occipital area on the left PTV=Tumor +
5 mm. Irradiation method IMRT + Dyn Arc MLC. The
number of irradiation fractions - 5. Irradiation target
volume - V PTV=42.710 cm3, V Tumor=29.002 cm3,
single dose - 8 Gy, total dose for 99.5% of irradiation
target volume - 40.0 Gy, maximum dose - 34.47 Gy
BED ,,, =38 Gy. Ionizing radiation dose to critical brain
structures is within tolerance limits.

A meta-analysis showed that an average of 16 Gy
was the most commonly administered dose [10]. Other
authors also report that the use of marginal radiation
dose >15 Gy is an important prognostic factor for patient
survival [13]. In another report, the same authors found
that the median OS for patients who received marginal
doses of 15 Gy was 12 months, and for those who
received <15 Gy, it was 8.2 months [24]. In patients
who received doses >15 Gy, the median survival was
9 months, in individuals who received doses <15 Gy
(p=0.01), it was 7 months, which is consistent with the
literature.

Tumor volume in our series did not affect the
median OS after SRS (p=0.494, p=0.08, and p=0.622,
respectively). Other authors showed that the treatment
volume was not strongly correlated with survival or
disease progression [6,16]. Several studies have shown
that tumor volume is an important prognostic factor,
and a number of thresholds have been proposed as a
surrogate for survival prognosis, suggesting that small

http://theunj.org
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Fig. 9. Magnetic resonance

therapy 7 months after a course of
hypofractionated SRS (5 fractions of 8
Gy) for tumor recurrence 10.5 months
after SRS (A, is shown by arrows).
Multispiral computed tomography:
hypoperfusion (B). Chemotherapy:
temozolamide + avastin. The patient's
condition is satisfactory. Overall survival
is 26 months

tumors are more suitable for SRS [13,15,29]. A study
involving 297 patients found that smaller tumors (<14
cm?3) were associated with better OS [13].

Conclusions

Stereotactic radiosurgery is a method of glioblastoma
management that can be used at different stages of
therapy and is particularly effective in the treatment
of recurrent glioblastoma, when the stages of surgery
and radiation therapy have been completed and only
radiosurgery and adjuvant chemotherapy methods
remain.

Overall survival in our observations depended on the
period of stereotactic radiosurgery, patient age, radiation
dose, and concomitant adjuvant chemotherapy. The
results obtained are consistent with the literature data.

Additional multicenter studies should be conducted
to provide definitive recommendations for stereotaxic
radiosurgery.
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