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Efficacy and indications of gamma knife 2
radiosurgery for recurrent low-and high-grade
glioma

Ying Sun'", Peiru Liu?", Zixi Wang?", Haibo Zhang', Ying Xu', Shenghui Hu' and Ying Yan'"

Abstract

Purpose To investigate the indications and efficacy of gamma knife radiosurgery (GKRS) as a salvage treatment for
recurrent low-and high-grade glioma.

Methods This retrospective study of 107 patients with recurrent glioma treated with GKRS between 2009 and

2022, including 68 high-grade glioma (HGG) and 39 low-grade glioma (LGG) cases. The Kaplan-Meier method was
used to calculate the overall survival (OS) and progression-free survival (PFS). The log-rank test was used to analyze
the multivariate prognosis of the Cox proportional hazards model. Adverse reactions were evaluated according to

the Common Terminology Criteria for Adverse Events version 4.03. The prognostic value of main clinical features was
estimated, including histopathology, Karnofsky performance status (KPS), recurrence time interval, target location, two
or more GKRS, surgery for recurrence, site of recurrence, left or right side of the brain and so on.

Results The median follow-up time was 74.5 months. The median OS and PFS were 17.0 months and 5.5 months
for all patients. The median OS and PFS were 11.0 months and 5.0 months for HGG, respectively. The median OS and
PFS were 49.0 months and 12.0 months for LGG, respectively. Multivariate analysis showed that two or more GKRS,
left or right side of the brain and brainstem significantly affected PFS. Meanwhile, the KPS index, two or more GKRS,
pathological grade, and brainstem significantly affected OS. Stratified analysis showed that surgery for recurrence
significantly affected OS and PFS for LGG. KPS significantly affected OS and PFS for HGG. No serious adverse events
were noted post-GKRS.

Conclusion GKRS is a safe and effective salvage treatment for recurrent glioma. Moreover, it can be applied after
multiple recurrences with tolerable adverse effects.
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Introduction

Glioma is the most common malignant cancer of the cen-
tral nervous system, and its treatment is one of the most
challenging problems in neuro-oncology [1-4]. Its high
morbidity and lethality rates seriously threaten patients’
lives [5]. Currently, there is no standard treatment plan
for recurrent glioma in China, and the available treat-
ment options include re-surgery, gene targeting therapy,
tumor electric field therapy, chemotherapy, and re-irra-
diation [6—10]. Re-surgery is not suitable for all patients,
and the risk of surgery and recurrence rate is relatively
high due to the rich blood flow and infiltrative growth
of glioma. Systemic chemotherapy can be administered
with regimens such as carmustine, temozolomide (TMZ),
or PCV (prednisone, carmustine, vincristine) [11], but
usually provides only minimal long-term benefit.

GKRS has recently become an increasingly popular
treatment option for clinicians because of its short treat-
ment period, low economic burden, and few adverse
effects. However, several studies have been performed
to apply GKRS to the salvage treatment of patients with
recurrent glioma, but the results remain to be con-
sidered [12-13]. A study from the Netherlands evalu-
ated the efficacy of GKRS in the treatment of patients
with recurrent glioblastoma and demonstrated a local
control rate of 27% for high-grade gliomas and 50% for
LGG, with median progression-free survival and overall
survival (PFS and OS) of 10.5 months and 34.4 months,
respectively, for all patients [14]. Dodoo et al. [15] found
that patients with grade IV gliomas who underwent
GKRS had a median survival of up to 11.3 months, with
a two-year survival rate of 22.9%. Sharma et al. investi-
gated the role of GKRS in patients with rGBM, with an
estimated median OS after salvage SRS of 11.0 months
(95% CI 7.1-12.2), median PFS of 4.4 months (95% CI
3.7-5.0), and total tumor volume, KPS score, and homo-
geneity index (i.e.,, more heterogeneous plans), more
heterogeneous plans were independent predictors of OS
[12]. Because gliomas often grow infiltratively and are
not clearly demarcated from surrounding tissues, and
because the GKRS dose is concentrated and the marginal
dose attenuates more rapidly, the treatment of glioblas-
toma with GKRS is still controversial. This article will
provide a detailed analysis of the treatment experience
over the past 13 years.

Methods

Patient selection and baseline clinical characteristics

In this retrospective study, patients with recurrent glio-
mas who underwent Head Gamma Knife at the Radio-
therapy Department of the General Hospital of the
Northern Theater of Operations (GHNTO) from Sep-
tember 2009 to December 2022 were searched through
the Head Gamma Knife Database of the Radiotherapy
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Department and Electronic Medical Record System
(EMRS) software, follow-up visits by phone every three
months. Patients were followed up regularly after treat-
ment in accordance with clinical guidelines, and imaging
data were obtained from our hospital database. Inclusion
criteria are as follows: (1) patients whose initial treat-
ment plan included a definitive pathological diagnosis
of glioma (WHO grade I-IV) by surgery or puncture
biopsy. (2) Confirmed primary tumor recurrence (image
confirmed or pathologically confirmed by repeat surgery
or puncture biopsy). (3) Treatment options after recur-
rence mainly include Gamma Knife radiosurgery, and the
detailed treatment plan can be obtained by searching the
Gamma Knife database in the Department of Radiother-
apy. (4) The patient’s general condition (gender, age, KPS
score, etc.), detailed treatment plan (pathology at the
first consultation, adjuvant treatment modality after the
first consultation, age at recurrence, surgery after recur-
rence, pathology after recurrence, KPS score at the time
of recurrence of Gamma Knife treatment, etc.), post-
treatment side effects, disease progression, etc. can be
retrieved through the EMRS medical record system, or
follow-up visits can be conducted by telephone and out-
patient clinic. The exclusion criteria are (1) Insufficient
clinical data. (2) Inability or unwillingness to cooperate
with the study program and follow-up. (3) Individual
characteristics that may lead to serious adverse reactions
or even death after Gamma Knife treatment. (4) Comor-
bidities such as congestive heart failure, cirrhosis, other
tumors, acute infections, etc. that may affect survival or
efficacy. (5) Lack of autonomy or inability to attend the
3-month follow-up visit. (6) Loss of patient visits.

We gathered the clinical characteristics of patients
including demographics (sex, age), pre-GKRS treatment
specifics (initial surgical time, multiple craniotomies,
surgery-to-GKRS interval, adjuvant treatment after ini-
tial surgery, KPS scale), and GKRS treatment parameters
(number of targets, volume of targets, maximum dose,
marginal dose, whether multiple GKRS, concurrent/
adjuvant chemotherapy) through clinical notes, radiol-
ogy reports, demographic data, and telephone follow-
up. For patients treated with multiple targets in the same
GKRS regimen, we focused on the parameters of total
lesion volume for the first GKRS treatment. The general
status of the patients was assessed according to the KPS
scale [16]. Pre- and post-GKRS clinical characteristics are
summarized in Table 1.

GKRS procedure

According to the magnetic resonance imaging (MRI) data
before treatment, patients were fitted with a stereotac-
tic head frame under local anaesthesia. They underwent
a 3.0T MRI examination with intravenous gadolinium
contrast after that. The 3.0T MRI machine produced by
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Table 1 Baseline clinical characteristics of all Patients pre- or
post-GKRS [%]

Patient characteristics Num- Patient Num-
ber of characteristics ber of
patients patients
(%) (%)

Sex KPS

Female 58(54.2) >80 48(44.9)

Male 49(65.8) <80 59(55.1)

Pathological grade Number of

targets

LGG 39(36.4) Single 45(42.1)

HGG 68(63.6) Multiple 62(57.9)

Adjuvant treatment Total volume of

after initial surgery targets

>185cm? 51(47.7)

Chemoradiotherapy 51(47.7) <185cm? 49(52.3)

EBRT only 25(234) Maximum dose

TMZ only 5(47)  =245Gy 54(50.5)

GKRS only 10(9.3) <24.5 Gy 53(49.5)

None 16(15.0) Marginal dose

Age at GKRS procedure >125 Gy 54(50.5)

>50 years 58 (54.2) <125 Gy 53(49.5)

<50 years 49(45.8) Two and more

GKRS

Recurrence time interval Yes 36(33.6)

>15 months 54(50.5) No 71(66.4)

<15 months 53(49.5) Bevacizumab

used after
recurrence

Surgery for recurrence Yes 14(13.1)

Yes 27(25.2) No 93(86.9)

No 80(74.8)

GE company was used to obtain the positioning image,
which was transmitted to the gamma treatment planning
system through a particular network. Stereotactic radio-
surgery and dose planning were then performed in con-
sultation with a neurosurgeon, radiation oncologist, and
medical physicist. The target was defined as the contrast-
enhancing lesion on the T1 weighted axial images that
were obtained with a slice thickness of 3.0 mm (Fig. 1).
Target delineation was limited to the target-enhanc-
ing lesion only for progressive LGG and HGG, as con-
firmed by the American Society for Radiation Oncology
(ASTRO) guidelines [17]. The median target volume was
18.5 cm® (1.6-124.1 c¢m?®), the median maximum dose
was 25 Gy (13.5-42 Gy), and the median marginal dose
was 13.0 Gy (7.5-24.5 Gy). We showed the relationship
of the treatment volume compared with its marginal dose
(Fig. 2a) and estimated maximal dose (Fig. 2b) in Fig. 2.
The lesions that were larger than 3.5 cm in diameter or
located in critical functional areas (such as the brain
stem) were treated twice after several weeks.
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Drug treatment after GKRS

The patients were given a mannitol injection of 125 mL
BID and a dexamethasone injection of 10 mL once daily
intravenously to reduce and prevent the occurrence of
brain edema. Forty-four patients received TMZ periodic
chemotherapy (150-200 mg/m?) after GKRS, 1-5 days,
28 days as a cycle, and 21 patients received dose density
scheme (75-100 mg/m?), 1-21 days, 28 days as a cycle, or
100-150 mg/m?, 1-7 days, 14 days as a cycle. One patient
was treated with PCV; this was not analyzed because
of the statistical insignificance of the small number.
Fourteen patients were treated with 7.5 mg/kg of beva-
cizumab every 3 weeks; 5 cases were treated with bevaci-
zumab combined with TMZ.

The OS was the time from the beginning of GKRS to
death or the last follow-up time, and PFS was the time
from the end of GKRS to local tumor progression or
the last follow-up. The follow-up time was defined as
the time from GKRS to death or the last follow-up time.
Treatment-related toxicities were scored using the Com-
mon Terminology Criteria for Adverse Events version 4.03.

Statistical analysis

Data are presented as median with the range. The Pear-
son correlation coefficient was obtained through linear
regression analysis. Survival analysis was done by the
log-rank test on Kaplan-Meier survival estimates. Multi-
variate prognostic analysis was performed using the Cox
proportional hazards model. Statistics were calculated
with SPSS 26.0 software, values with p<0.05 were con-
sidered statistically significant.

Results

Patient characteristics

We analyzed the characteristics of 107 patients (Table 2),
including 68 patients with HGG and 39 patients with
LGG, and the median age of all patients was 50.5 (17-80)
years. All patients had histologically confirmed glioma.
105 patients had undergone at least one operation before
GKRS and 2 patients were diagnosed by histopathologi-
cal biopsy (both HGG). 8 patients (2 cases of LGG and 6
cases of HGG) had no definite time for disease progres-
sion after GKRS but a specific time of death. 73 patients
had received adjuvant treatment after the first surgery,
including chemoradiotherapy (47.7%), EBRT (23.4%),
TMZ (5%), GKRS (9.3%), and the other 16 patients (15%)
had none. 36 patients had received two or more GKRS
after the recurrence. Univariate analysis demonstrated
that prognostic factors associated with OS and PFS were
primary pathological grade, recurrence time interval, sur-
gery for recurrence, KPS, number of targets, two or more
GKRS, brainstem, and encephalocele recurrence; central
dose and peripheral dose were correlated with PFS.
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Fig. 1 Distribution of marginal dose (a) and maximum dose (b) by treatment volume
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Fig. 2 Kaplan-Meier survival after GKRS for (a) OS of all patients, (b) PFS of all

LGG and HGG

After receiving gamma knife radiosurgery, 107 patients
were monitored for local progression rate at 3, 6, 9, and
12 months. The rates were 71.96%, 47.66%, 39.25%, and
32.71%, respectively. The local progression rate at 3, 6, 9,
and 12 months in the 24 patients with LGG were 87.50%,
70.83%, 66.67% and 50.00%. The remaining 83 patients
with HGG and their local progression rate were 67.47%,
40.96%, 31.33%, and 27.71% at 3, 6, 9, and 12 months,
respectively. The survival analysis and prognostic factors
by PES and OS are shown in Table 2, and the Kaplan-
Meier survival curves are shown in Fig. 2(a—d). The
median follow-up time was 79.5 months (95% CI:60.6—
98.4). By the end of the study, 65 patients died during the
follow-up period. All patients’ median OS and PFS were
12.5 months (95% CI.7.8—-17.1) and 5.0 months (95%
CI:3.8-6.2), respectively. The median OS and PFS were
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patients, (c) Comparison of OS of LGG and HGG, (d) Comparison of PFS of

10.0 months (95% CI:4.9-15.1) and 4.5 months (3.0-6.0)
for HGG, respectively. The median OS and PFS were 27.0
months (95% CI:0.0-56.0) and 12.0 months (95% CI: 3.9—
20.1) for LGG, respectively.

Multivariate analysis showed that the Left or right
side of the brain, two or more GKRS and the brainstem
were independent influencing factors for PFS (p=0.018,
p=0.023, p=0.041, p=0.034, respectively). KPS index,
pathological grade, two or more GKRS, and brainstem
were independent risk factors for the OS (p=0.001,
p=0.031, p=0.002, p=0.042 respectively) (Table 3).

Stratified analysis showed that surgery for recurrence
was an independent influencing factor of OS for LGG
(p=0.009). Site of recurrence (encephalocele) and surgery
for recurrence were the influencing factors of PFS for
LGG (p=0.009, p=0.023) (Table 4). KPS>80 and taking
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Table 2 Univariate analysis of OS and PFS in all patients pre- and post-GKRS

Characteristics Number of patients (%) Median PFS (95% Cl) p-value Median OS
(95% CI)
p-value

Sex 0.458 0425

Female 58(54.2) 7.0(1.4-12.6) 21.0(8.5-33.5)

Male 49(65.8) 6.0(2.6-9.4) 14.0(9.8-18.1)

Pathological grade 0.018 0.000

LGG 39(364) 13.0(1.1-24.9) 49.0(22.7-75.3)

HGG 68(63.6) 5.5(34-7.6) 11.0(6.6-15.4)

Adjuvant treatment after first surgery 0.808 0.877

Chemoradiotherapy 51(47.7) 6.5(3.9-9.1) 11.0(5.3-16.7)

EBRT 25(234) 12.0(1.4-22.6) 17.0(0.7-33.3)

T™Z 5(4.7) 5.5(4.4-6.6) 18.0(11.6-24.4)

GKRS 10(9.3) 8.0(0.0-22.7) 33.5(18.1-48.8)

None 16(15.0) 5.0(0.0-24.6) 12.5(3.3-21.7)

Age at GKRS procedure 0.938 0.804

>50 years 58 (54.2) 8.0(5.2-10.8) 18.0(11.1-24.9)

<50 years 49(45.8) 6.5(0.1-12.9) 13.2(4.0-22.4)

Recurrence time interval 0.034 0.012

>15 months 54(50.5) 12.0(6.1-17.9) 23.0(8.7-37.2)

<15 months 53(49.5) 5.0(3.5-6.7) 14.0(8.0-20.0)

Surgery for recurrence 0.013 0.002

Yes 27(25.2) 17.5(0.0-43.8) 52.0(2.9-101.1)

No 80(74.8) 55(3.6-74) 14.0(7.7-20.8)

KPS 0.004 0.000

>80 48(44.9) 14.0(6.1-21.9) 40.0(16.1-63.9)

<80 59(55.1) 4.5(3.7-5.3) 10.0(7.9-12.1)

Number of targets 0.130 0.008

Single 45(42.1) 12.0(4.8-19.2) 24.0(3.7-44.3)

Multiple 62(57.9) 5.0(2.2-7.8) 11.0(6.6-15.4)

Total volume of target 0.624 0.544

>185cm? 51(47.7) 7.0(4.0-10.0) 14.3(5.7-22.9)

<185cm? 49(52.3) 7.0(0.7-13.3) 21.0(9.7-32.3)

Maximum dose 0.255 0.122

>24.5 Gy 53(49.5) 13.0(6.9-19.1) 22.0(15.0-29.0)

<24.5 Gy 54(50.5) 4.5(3.5-6.5) 12.0(7.7-16.3)

Marginal dose 0.300 0.165

>12.5 Gy 54(50.5) 12.0(5.9-18.1) 22.0(14.0-30.0)

<12.5Gy 53(49.5) 50.7-7.3) 12.0(8.2-16.7)

Two or more GKRS 0.031 0.001

Yes 36(33.6) 13.0(9.0-17.0) 33.5(1.8-65.2)

No 71(66.4) 50(2.9-7.1) 10.5(7.7-13.3)

Target location 0.000 0.000

In or adjacent field 63(58.9) 13.0(8.1-18.0) 26.0(18.9-33.1)

Out of field 44(41.1) 4.0(2.3-5.7) 8.0(4.8-11.2)

Site of recurrence

0.889 0.629
Frontal 52(48.6) 7.0(4.2-9.8) 21.0(14.4-27.6)
Others 55(51.4) 8.0(0.0-17.5) 11.0(6.1-15.9)
0496 0.299
Temporal 40(37.4) 8.0(0.0-18.0) 9.0(2.9-15.1)
Others 67(62.6) 6.5(4.0-9.0) 21.0(13.5-28.5)
0416 0.687
Occipital 1009.3) 14.0(0.0-33.3) 11.0(7.2-14.8)

Others 97(90.7) 6.5(3.8-9.2) 18.0(10.9-25.1)
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Table 2 (continued)
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Characteristics Number of patients (%) Median PFS (95% ClI) p-value Median OS
(95% ClI)
p-value

0.804 0.390

Parietal 15(14.1) 12.5(3.0-22.0) 18.5(0.0-48.2)

Others 92(85.9) 7.0(4.0-10.0) 17.0(9.8-24.2)

0.000 0.000
Brainstem 3(2.8) 1.5(0.7-2.3) 3.0(1.4-4.6)
Others 104(97.2) 8.0(3.2-12.8) 18.0(11.1-24.9)
0.032 0.000

Encephalocoele 14(13.1) 2.0(0.0-5.5) 8.04.6-114)

Others 93(86.9) 8.0(2.9-13.1) 21.0(13.2-28.8)

Left or right side of the brain 0.001 0.007

Left 40(37.4) 7.0(0.0-17.9) 14.3(7.0-21.0)

Right 44(41.1) 12.0(6.4-17.6) 39.0(15.0-63.0)

Bilateral 23(21.5) 4.501.6-74) 10.5(7.3-13.6)

Bevacizumab used after recurrence 0.360 0.633

Yes 14(13.1) 8.0(2.7-13.3) 10.0(0.0-23.9)

No 93(86.9) 7.0(2.9-11.0) 18.0(9.4-26.6)

Abbreviations: LGG Low-grade glioma, HGG High-grade glioma, WHO World health organization, £BRT External beam radiotherapy, TMZ Temozolomide, GKRS Gamma
knife radiosurgery, KPS Karnofsky performance status, Target location In relation to the previously irradiated tumor volume

Table 3 Cox proportional-hazards multivariate models of PFS

and OS in all patients

Table 5 Cox proportional-hazards multivariate models of PFS
and OS of HGG patients

Parameters (0} PFS Parameters (0 PFS
HR (95% Cl) p-value  HR(95%CI) p- HR (95% ClI) p-value  HR(95%Cl) p-
value value
KPS 0.411(0.242-0.698) 0.001 0.593(0.344- 0.059 KPS 0.374(0.209-0.668)  0.001 0.571(0.330- 0.046
1.021) 0.990)
Pathological 0.481(0.247-0.936) 0.031 O 780(0 405- 0458 Two or more 2.194(1.196-4.042) 0.011 0.561(0.247- 0.167
grade 503) GKRS 1.247)
left or right side  0.804(0.430-1.500) 0.492 0415(0.200- 0.018 Brainstem 0.261(0.067-1.009)  0.052 0.220(0.063- 0.018
of the brain(left) 0.859) recurrence 0.767)
left or right 0.495(0.260-0.944) 0.033 0.452(0.227- 0.023
side of the 0.898) Table 6 Cox proportional-hazards multivariate models of PFS
brain(right) )
and OS of grade 3 patients
Two or more 2.680(1.431-5.017) 0.002 2483(1.405- 0.041 Parameters os PES
GKRS 4388) HR (95% ClI | HR (95% CI
Brainstem 0.248(0.065-0952) 0.042 0254(0.072- 0034 (95% i) p-value (95%Cl) p-
value
recurrence 0.900)
KPS 0.280(0.112-0.699)  0.006 0.571(0.330- 0.041
0.990)
Table 4 Cox proportional-hazards multivariate models of PFS Target location  0.267(0.099-0.722)  0.009 0459(0.177-  0.107
and OS in LGG patients 1.185)

Parameters os PFS
HR (95% ClI) p-value HR (95%Cl) p-

value

Encepha- 0.439(0.089-2.166) 0.312 0.071(0.010-  0.009

locoele 0.516)

recurrence

Surgery for 8.682(1.715-43.944) 0.009 4951(1.245- 0.023

recurrence 19.696)

two or more GKRS were the influencing factors of OS for
HGG (p=0.001, p=0.011). KPS>80 and having a recur-
rence at the site of the brainstem were the influencing
factors of PFS for HGG (p=0.046, p=0.018) (Table 5).

After conducting further subgroup analysis, it was
found that the KPS and target location were the influ-
encing factors of PFS for patients with grade 3 gliomas
(p=0.006,p=0.009). Additionally, KPS was also identified
as a independent influencing factors of OS for patients
with grade 3 gliomas (p=0.041) (Table 6). Furthermore,
Site of recurrence (brainstem) was found to be an inde-
pendent prognostic factor of OS and PFS for patients
with grade 4 glioblastoma (p=0.008, p=0.047) (Table 7).
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Table 7 Cox proportional-hazards multivariate models of PFS
and OS of grade 4 glioma patients

Parameters os PFS
HR (95% Cl) p-value  HR(95%Cl) p-
value
Brainstem 0.022(0.001-0.370)  0.008 0.100(0.010- 0.047
recurrence 0.974)
Table 8 Adverse events after GKRS
Adverse reactions Number Average Number  Aver-
of LGG pa- duration of HGG age
tients (%) patients  dura-
(%) tion
None 28(87.5) - 46(82.1) -
Headache (grade I) 2(6.3) 2d 4(7.1) 3d
Headache (grade Il) 13.1) 3d 2(3.6) 5d
Dizziness (grade 1) 1(3.1) 1d 3(5.4) 2d
Nausea and vomiting 1(3.1) 2d 2(3.6) 2d
Fatigue (grade 1) 0(0) - 2(3.6) 3d
Somnolence (grade ) 0(0) - 1(1.8) 3d
Excessive fatigue 0(0) - - -

Adverse reactions

74 patients (84%) had no adverse reactions, 9 patients
(10.2%) had a mild headache (grade I-II), and 4 patients
(4.5%) had mild dizziness, which was relieved after symp-
tomatic treatment with mannitol and hormone. Nausea
occurred in 3 patients (3.4%), and nausea accompanied by
vomiting in 1 (1.1%), which was relieved after antiemetic
and brain dehydration treatment. 2 patients with fatigue
and weakness were relieved after rest. 1 patient had mild
lethargy, which was relieved after three days. No severe
adverse reactions occurred. The specific adverse reac-
tions are shown in Table 8.

Discussion
Glioma is the most common tumors of the central ner-
vous system in adults. They originate in the brain’s neu-
roglia and are characterized by high aggressiveness and
metastasis. According to the 2021 WHO classification
of central nervous system tumors [18], gliomas are clas-
sified as grades 1 to 4, with grades 1 and 2 being LGG
and grades 3 and 4 being HGG. Several studies [19-20]
have significantly advanced the understanding of glioma
pathogenesis to improve the prognosis of glioma patients.
LGG is more suitable for reoperation because of its
poor radiosensitivity. However, the exceptional loca-
tion makes some patients more ideal for GKRS. HGG is
highly invasive and tends to recur. The survival time of
patients with recurrent glioblastoma is limited [21-23].
The risk of adverse reoperation or radiotherapy events
may increase, and they tend to accept GKRS. Larson
Da [24] et al. found that the factors influencing the sur-
vival time of all grades of glioma after radiotherapy were
young age, high KPS index, small tumor volume, and
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single lesion. However, in our study, young age and single
lesion had no significant relationship with PES and OS.
Still, the high KPS index significantly improved PFS and
OS in patients, especially a KPS score greater than 80.
Our follow-up found that the main factors affecting the
KPS index were postoperative status, including whether
there was neurological dysfunction, limb movement dis-
order, epilepsy, fatigue, etc. Further stratified analysis
showed that the KPS index was the influencing factor of
OS in patients with HGG. KPS was an independent influ-
encing factor of PES in patients with HGG.

The results of this study indicate that the number of
GKRS treatments and the location of the recurrence

(brainstem) are independent factors that affect the
OS and PES of patients with glioma. Further analysis
showed that these factors had a more significant impact
on patients with HGG, suggesting that those with recur-
rent HGG who had fewer GKRS treatments and a recur-
rence in the brainstem were more likely to have a poor
prognosis.

In comparison to LGG patients, those with HGG have
a less favorable prognosis and limited survival. As a
result, we directed our focus towards HGG patients. Fur-
ther, we refined their classification into “grade 3 glioma”
and “grade 4 glioblastoma” to enhance the accuracy of
Gamma Knife efficacy predictions for patients at differ-
ent stages. Our subgroup analysis revealed that the KPS
index is an independent prognostic factor for HGG and
a robust prognostic indicator for patients with stage 3
gliomas. This implies that the KPS score of patients with
grade 3 gliomas is more indicative of their prognosis than
those with grade 4 glioblastomas. Patients with grade 3
gliomas and high KPS scores can anticipate a more favor-
able prognosis and longer survival. Patients diagnosed
with grade 4 glioblastoma in HGG have a poor progno-
sis, especially if brainstem metastases occur. The survival
rate of such patients becomes precarious. It is recom-
mended that patients with grade 3 gliomas focus on reha-
bilitating and maintaining their physical and functional
status. On the other hand, patients with grade 4 glioblas-
tomas should follow their doctor’s instructions for three-
monthly follow-ups and seek early intervention if a new
lesion emerges, particularly in a rare location such as the
brainstem.

Experts recommend early secondary surgery for recur-
rent glioma [25]. This study confirms that reoperation
after recurrence is an independent prognostic factor
affecting LGG OS and PFS. Patients who underwent
secondary surgery after recurrence had a much longer
median survival than those who did not undergo second-
ary surgery.

Although early secondary surgery is prognostically
favorable, endogenous brainstem or encephalocele
metastases are considered unfeasible for microsurgery
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due to their specific location, and stereotactic radiosur-
gery is deemed to be a recommended approach for the
treatment of brainstem metastases, and it should be con-
sidered especially for patients with good physical sta-
tus [26—27]. This study suggested that PFS was worse in
patients with glioma when there was a recurrence in a
specific location (brainstem, encephalocele). At the same
time, the effect on OS is not significant—considering
that some patients presenting with recurrent foci in such
areas are more prone to glioma recurrence and shorter
PES when surgery or the accurate dose of Gamma knife is
not possible due to the specificity of the location.

We also report the location of the recurrent focus and
its relationship to the primary focus significantly affects
the survival of patients on the left or right side of the
brain. Left Bilateral had a significant association with
PFS. Scoccianti et al. [28] found that it was suitable to
choose stereotactic radiosurgery (12—15 Gy/F) when the
target volume is smaller than 12.5 mL for patients with
recurrent glioma, the median OS was 7.5—-16 months and
the median PFS was 4.6-7.0 months. Several studies have
shown that GKRS may be more suitable for patients with
small, focal, or nodular recurrent glioma [29-32]. One
study found that the OS after SRS was significantly bet-
ter for patients with a target volume smaller than 14 cm?®
[32]. GKRS treatment for large lesions may increase the
incidence of side effects. For patients with large single
lesions, we would make the GKRS two-fractional irradia-
tion, which not only increases the cumulative tumor dose
but also reduces the dose to normal tissues and decreases
the incidence of side effects.

This study’s univariate and multivariate analysis
showed that repeated GKRS significantly prolonged the
OS with HGG and improved the patients’ life quality
(Fig. 3). This is consistent with the findings of Sadik ZHA
et al. GKRS can be safely used as a salvage treatment for
recurrent glioma and may improve survival rates in HGG
patients with minimal burden. Multiple GKRS treat-
ments may benefit HGG patients in terms of OS [14].
However, our study did not find a significant effect of
multiple GKRS treatments on PFS. Nonetheless, a survey
conducted by Cheon et al. reported [33—34] that multiple
GKRS treatments led to longer PFS only if the patient
is recurrent with good activity status scores and limited
tumor volume.

GKRS has apparent advantages in treating central ner-
vous system tumors, shown by accurate localization and
high-dose focused irradiation of the focal area. In con-
trast, the normal tissues around the tumor are better pro-
tected, which can reduce the radioactive brain damage to
normal brain tissue. In contrast, patients with recurrent
glioma often have already received radiotherapy, and the
optic chiasm, optic nerve, brainstem and normal brain
tissue may have reached maximum tolerance before
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GKRS treatment. External radiation therapy with EBRT
is usually limited for recurrent glioma, and the dose is
not too high. This study shows that the maximum dose in
the target area and the marginal dose are prognostic fac-
tors for PFS. Therefore, PES in these patients is directly
affected by the adequacy of the dose in the target area. In
the present study, 84% of patients with recurrent glioma
had no adverse effects and grade III-IV serious adverse
effects. Thus, compared with conventional radiotherapy,
GKRS of recurrent glioma can increase the target dose
and minimize the risk of side effects.

Although stereotactic radiosurgery is a feasible treat-
ment, systemic therapy should be addressed. Some stud-
ies have shown that patients with recurrent glioblastoma
receiving bevacizumab after GKRS treatment have a
median survival time of 18 months [35]. The one-year
survival rate after SRS is 73%, and the grade III toxicity
is lower (9%). Compared with the patients without beva-
cizumab, they have higher survival benefits (12 vs. 18
months). Gutin PH et al. found that adding bevacizumab
also increased OS in a hypo-fractionated stereotactic
regimen [36]. However, some studies reported that it has
rarely been significantly associated with improved OS in
multivariable models [37]. We also did not find it had a
significant correlation with the PFS and OS, and it may
be due to the long follow-up period in this study and the
number of patients treated with bevacizumab was small.
However, from the clinical performance of patients with
bevacizumab, the symptoms of brain edema were sig-
nificantly relieved after medication, and the quality of life
was improved. Next, we will collect more cases to prove
the application of bevacizumab after GKRS may be a
valuable adjuvant treatment.

Study limitation

The limitations of this paper are as follows: First, since
retrospective studies rely on historical data that have
been collected, these data may be incomplete, inaccurate
or inconsistent. Data quality issues may lead to biased or
misleading results. During data collection, we try to use
reliable data sources and ensure the accuracy and com-
pleteness of the data. Incomplete or inaccurate data are
appropriately processed and analyzed. Second, retro-
spective studies may be at risk of selection bias, i.e., bias
in the selection of the study sample. This bias may be due
to subjectivity in sample selection, incomplete records,
or lack of representativeness. Selection bias may lead
to inaccurate and biased study results. During sample
selection, we try to select a representative sample and
avoid selection bias. Some non-representative treatment
pathologies were excluded to ensure diversity and repre-
sentativeness of the sample. The sample size of this study
needs to be enlarged. This paper included 107 clinical
cases of recurrent glioma patients who performed GKRS
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Fig. 3 lllustrative case of a 54-year-old man who had 3 times GKRS treatments with rGBM (WHO Ill) following standard concurrent chemoradiotherapy
and 13 cycles of adjunct chemotherapy. He exhibited an excellent response to salvage GKRS for each time of the tumor recurrence, which was on Nov
30,2020 (a), Sep 9, 2021 (b) and Feb 28, 2023 (c). The right color lines of this figure are the target location. By the time of follow-up, the patient’s condition
was stable and did not progress again

regimens in our hospital recent years, and increasing the
sample size would further improve the persuasive power
of clinical evidence. Third, retrospective studies may be at
risk of confounding bias, i.e., the presence of other poten-
tial influences related to the study factors (age. tumor
location. pathology grade) that may have an impact on
the study results. Confounding bias may lead to inac-
curate and misleading study results. We use multivari-
ate analysis methods or other statistical methods to deal
with the effects of confounders. This paper classified
patients with LGG and HGG concerning the malignant
degree typing of glioma. Adopting a classification model

including cytomorphology and molecular pathology in
the future will provide a more accurate and comprehen-
sive assessment of the therapeutic effect of GKRS.

Conclusion

GKRS, as a salvage treatment for recurrent glioma, is safe
and effective. GKRS can significantly prolong the OS and
PFES of patients, improve their quality of life, and prolong
their survival period, especially for patients with small
recurrent lesions, short intervals, high KPS, and who
received multiple GKRS treatments.
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